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th© bright sky they pumnvnd an illuminator; in tlm alLtmdrding 
tin mul»m*’t»r; In thn roar of tlmtnlor find in tho vldmieo of tho Htorr 
m |*ronot*co »»f a dtouior ttrni of furious «trlkfir«; and out of tli« rail 
id an Indrn, or givor of min.—M ax MtiLLEli, 


BKFX-KOTlONH ON FitAYRH AND NATO HAD LAW 

IMS! 


MIT) tho appimmi wn fusion unci niiprimt of nu 

^ jduoioiiiomt, which roused emotions hostile to 
investigation, it muni for ages have mmnml l 
to nork for law or orderly relation; and before 
ight of law <liiwiii.nl upon the unfolding human 1 
e otherwiae inexplienbte effects Wore referred to 
d agency. In tin* full of a cutitruet the m\ ago 
leap of it spirit, and the echoed thunderpeal w; 
the* limnmnridling of mi exasperated god* Pro; 
of these terrible powers wits the rofiWf{iiimet% 
iflnii whh offered to the demons of earth and mil 


i. Probably every change from ancient savagery to 
esent enlightenment has excited, in a greater or leas 
ee, fears of this kind. But the fact is, that we h 
t yet determined whether its present form is access 
the life and warmth of religious feeling. We may 
linking the imperishable with the transitory, and c 
md the living plant with the decaying polo to wide! 
ags. My object, however, at present is not to arg 
t to mark a tendency. Wo have ceased to propiti 
> powers of nature—coasod even to pray for things 
infest contradiction to natural laws. In Protest 
mtries, at least, I think it is conceded that tint . 
miracles is past. 

At an auberge near the foot of the Rhone glacier 
it, in the summer of 1868 , an athletic young prh 
o, after a solid breakfast, including a l>ottle of wi 
ormed me that he had come up to “bless the mo 
ns.” This was the annual custom of the place. Y 
year the Highest was entreated, by official intercessc 
make such meteorological arrangements as should 
re food and shelter for the flocks and herds of 
laisians. A diversion of the Rhone, or a deepening 
3 river’s bed, would, at the time I now mention, lu 
m of incalculable bonofit to the inhabitants of the i 
'• But the priest would have shrunk from the idea 
ring the Omnipotent to open a new channel for ' 
er, or to cause a portion of it to flow over the Grim 
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us, and we look -with suspicion and dislik 
losophy, the apparent tendency of which i 
up. Probably every change from ancient «! 
present enlightenment has excited, in a gren 
gree, fears of this kind. But the fact is, 
not yet determined whether its present fort 
to the life and warmth of religions feeling, 
in linking the imperishable with the transi 
found the living plant with the decaying p< 
clings. My object, however, at present is 
but to mark a tendency. We have ocasci 
the powers of nature—ceased even to pray 
manifest contradiction to natural laws, 
countries, at least, I think it is conceded 
of miracles is past 

At an auberge near the foot of the Eli 
met, in the summer of 1858 , an athletic 
who, after a solid breakfast, including a L 
informed me that he had come up to “hi 
tains.” This was the annual custom of tin 
by year the Highest was entreated, by officii 
to make such meteorological arrangements 
sure food and shelter for the flocks and 
Valaisians. A diversion of the Ehono, or i 
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aj which he manifestly thought lay quite within 
ids of the natural and non-miraouloua. A Prote 
leman who was present at the time smiled at thi 
. He had no faith in the priest’s blessing; stil 
led his prayer different in kind from a re( 
pen a now river-out, or to cause the water to 
ill. 

n a similar manner the same Protestant genth 
Id doubtless smile at the honest Tyrolese priest, 
i he feared the bursting of a glacier dam, ofTem 
tfloe of the Mass upon the ice as a means of ave 
oalamity. That jwor man did not expect to eoi 
ioe into adamant, or to strengthen its texture, i 
nable it to withstand the pressure of the water; 
he expect that his sacrifice would cause the siren 
back upon its source and relieve him, by a mil 
m presence. But beyond the boundaries of his ki 
i lay a region where rain was generated, he knew 
. lie was not so presumptuous ns to expoet a i 
hut ho firmly believed that in yonder cloud-land 
could be so arranged, without, trespass on the mi 
, that the stream which threatened him and his pi 
ild be caused to shrink within its proper bounds, 
loth these priests fashioned that which they did 
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them went mad in the pursuit of this obj< 
in such a consummation, involving, as it 
personal profit to the inventor, was extro 
and every attempt to destroy this faith was 
resentment on the part of those who hold 
however, as men became more and more a 
the true functions of machinery, the tire 
The hope of getting work out of mere nu 
' binations disappeared: but still there rein 
speculator a cloud-land denser than that w 
imagination of the Tyrolese priest, and on 
still hoped to evolve perpetual motion, 'I 
mystic store of ohemic force, which m*bod 
there were heat and light, electricity and i 
competent to produce mechanical motion. 1 
was the mine in which our gem must be «>i 
ified and more refined form of the ancient 
and, for aught I know, a remnant of eangi 
may at the present moment be engaged on 
which like-minded men in former ages left 
And why should a perpetual motion, eve 
ern conditions, be impossible? The answer 
tion is the statement of that groat general isat 
science, which is known under the name of 
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from heaven, or deflect toward us a single beam of the 
sun. Those, therefore, who believe that the miraculous 
is still active in nature, may, with perfect consistency, 
join in our periodic prayers for fair weather ami for ruin: 
while those who hold that the age of miracles in past will, 
if they be consistent, refuse to join in these petitions. 
And these latter, if they wish to fall hack upon such a 
justification, may fairly urge that the latest conclusions 
of science are in perfect accordance with the doctrine of 
the Master Himself, which manifestly was that the dis¬ 
tribution of natural phenomena is not affected by moral 
or religious causes. “lie makoth His sun to rise <m the 
evil and on the good, and sendeth rain on the just and «m 
the unjust.” Granting “the power of Free Will in man, ” 
so strongly claimed by Professor Manscl in bin admirable 
defence of the belief in miracles, and assuming the efficacy 
of free prayer to produce changes in externa! nature, it 
necessarily follows that natural laws are more or !«•** at 
the mercy of man’s volition, and no conclusion founded 
on the assumed permanenco of those laws would be wuithy 
of confidence. 

It is a wholesome sign for England that she numbers 
among her clergy men wise enough to umieratuml all this, 
and courageous enough to act up to their knowledge. 
Such men do service to public character, by encouraging 
a manly and intelligent conflict with the real cau»-« of 
disease and scarcity, instead of a delusive reliance on tm- 
pernatural aid. But they have also a value beyond thm 
local, and temporary one. They prepare tlm public mind 
for changes which, though inevitable, could hardly, with- 
out such preparation, be wrought without violence. Iron 
is strong; still, water in crystallising will shiver an iron 
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envelope, and the more unyielding the metal is, the worse 
for its safety. There are in the world men who would 
encompass philosophic speculation by a rigid envelope, 
hoping thereby to restrain it, but in reality giving it ex¬ 
plosive force. In England, thanks to men of the stamp to 
which I have alluded, scope is gradually given to thought 
for changes of aggregation, and the envelope slowly alters 
its form, in accordance with the necessities of the time. 


The proximate origin of the foregoing alight article, and probably the re¬ 
moter origin of the next following one, was this. Some years ago, a day 
of prayer and humiliation, on account of a bad harvest, was appointed by the 
proper religious authorities; but certain clergymen of the Church of England, 
doubting the wisdom of the demonstration, declined to join in the services of 
the day. For this act of nonconformity they were severely censured by some 
of their brethren. Eightly or wrongly, my sympathies were on the side of 
these men; and, to lend them a helping hand in their struggle against odds, 
I inserted the foregoing chapter in a little book entitled “Mountaineering in 
1861.” Some time subsequently I received from a gentleman of great weight 
and distinction in the scientific world, and, I believe, of perfect orthodoxy in 
the religious one, a note directing my attention to an exceedingly thoughtful 
article on Prayer and Cholera in the “Pall Mall Gazette.” My eminent corre¬ 
spondent deemed the article a fair answer to the remarks made by me in 1861. 
I, also, was struck by the temper and ability of the article, but I could not 
deem its arguments satisfactory, and in a short note to the editor of the “Pall 
Mall Gazette” I ventured to state so much. This letter elicited some very able 
replies, and a second leading article was also devoted to the subject. In answer 
to all, I risked the publication of a second letter, and soon afterward, by an 
extremely courteous note from the editor, the discussion was closed. 

Though thus stopped locally, the discussion flowed in other directions. Ser¬ 
mons were preached, essays were published, articles were written, while a 
copious correspondence occupied the pages of some of the religious newspapers. 
It gave mo sincere pleasure to notice that the discussion, save in a few cases 
where natural coarseness had the upper hand, was conducted with a minimum 
of vituperation. The severity shown was hardly more than sufficient to demon¬ 
strate earnestness, while gentlemanly feeling was too predominant to permit 
that earnestness to contract itself to bigotry or to clothe itself in abuse. It was 
probably the memory of this discussion which caused another excellent friend 
of mine to recommend to my perusal the exceedingly able work which in the 
next article I have endeavored to review. 



Mosley’s book belongs to that class of writing of which Bulkr may to 
taken as the type. It is strong, genuino argument about dlflleult nwUrw fairly 
tracing what ^difficult, fairly trying to grapple, not with wlmt m*™* K } * 

and steong point of a question, but with what really at tottoni I* Uh» knot c»f 
it. It is a hook the reasoning of which may not satisfy ovory .mo. . . . Hal 
we think it is a book for people who wish to moo a groat muI.Jih-i toil'll*! on a 
scale which befits it, and with a porcopllon of Ha real wh'tmmt**. It t« « 
which will have attractions for those who like to sou a powerful mimi nppb lug 
itself, without shrinking or holding back, without trick or r.*w.. ,.r «!,.« of 
any kind, as a wrestler closes body to body with hi* antagonist, to lire «tro», K th 
of an adverso and powerful argument—T imkh, Tmda y. Juno ft. !»««. 

We should add, that the faults of the work are wholly on the mirfuoo «m! in 
the arrangement; that the mattor is as solid and m logical m that of am 
within recent memory, and that it abounds in striking p*w»tre». of wto-h w# 
have scarcely been able even to give a sample. No future argtrer mreiwtf 
miracles can afford to pass it over.—SA’ruwwAY Rmvikw, toptonl** m 1«M» 
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MIRACLES AND SPECIAL PROVIDENCE*’ 

18 «I 

I T is my privilege to enjoy the friendship of a seloot 
number of religious men, with whom I convenm 
frankly upon theological subjects, expressing without 
disguise the notions and opinions 1 entertain regard mg 
their tenets, and hearing in return these notions and opin¬ 
ions subjected to criticism. I have thus far found them 
liberal and loving men, patient in hearing, tolerant m 
reply, who know how to reconcile the duties of nmrlcuy 
with the earnestness of debate. From one of these, nearly 
a year ago, I received a note, recommending strongly to 
my attention the volume of “Bamptcm Lectures’* for iHftS* 

1 “Fortnightly Review,” New Serin*, vol i. p, Mfc 


( 12 ) 



acquaintance of tlie work through an able and elaborate 
review of it in tlie “Times. ” The combined oileot of the 
letter and the review was to make the book the companion 
of my summer tour in the Alps. There, during the wet 
and snowy days which wore only too prevalent in 1800, 
and during the days of rest interpolated between days of 
toil, 1 made myself more thoroughly conversant with Mr. 
Mo/dey’s volume. I found it clear and strong—an intel¬ 
lectual tonic, as bracing and pleasant to my mind as the 
keen air of the mountains was to my body. From time 
to time X jotted down thoughts regarding it, intending 
afterward to work them up into a coherent whole. Other 
duties, however, interfered with the complete carrying 
out of this intention, and what 1 wrote last summer I now 
publish, not hoping to he able, within any reasonable time, 
to rentier my defence of scientific method more complete, 

Mr. Mosdey refers at the outset of his task to tlie move¬ 
ment against miracles which of late years 1ms taken place, 
and which determined his elm ice of a subject, He acquits 
modern seieneo of having had any great share in tins pro¬ 
duction of this movement. The objection against miracles, 
he says, docs not arise from any minute knowledge of the 
lawn of nature, hut simply because they are opposed to 
that plain and obvious order of nature which everybody 
set's. The present movement is, he thinks, to be ascribed 
to the greater earnestness and penetration of the present 
age. Formerly miracles were accepted without question, 
because without reflection; but the exercise of the “his¬ 
toric imagination” is a characteristic* of our own tim®. 
Men are now aoouatomed to place lasfore themselves vivid 
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images of historic facta; and when a miracle rise* t.. view, 
they halt before tko astounding occurrence, and, mdt/.mg 
it with the same clearness as if it went now j.h.^iuk 
their eyes, they ask themselves, "Can this ham* taken 
place?” In some instances the effort to answer this '{na¬ 
tion has led to a disbelief in miracles, in others a 
strengthening of belief. The aim of Mr. M.c.W's h-et.uvi 
is to show that the strengthening of belief is the h'gie.d 1 
suit which ought to follow front the examination of tin- fa* t . 

Attempts have been made by religious mm ?•> hmm 
the Scripture miracles within the scope «•! the "id. r of 
nature, but all such attempts an* rejected b\ Mr. Mo/,l»-y 
as utterly futile and wide of the mark. Km.u-hue mu 
acles as a necessary accompaniment of a n-\ e!at»..n, tm ir 
evidential value in his eyes depends entirely np**n tl.« ir 
deviation from the order of natnre. Thtm «i«u tatum-, fm y 
suggost and illustrate a power higher than natum, a 1 ' 
sonal will”; and they eommeml the person m w m.m tins 
power is vested as a messenger from on high. W ith. ml 
these credentials such a messenger would have tm ught to 
demand bolief, oven wore his assertions regarding bis 
Divine mission backed by a holy life. Nor is it by mir¬ 
acles alone that the order of nature is, or may hr, dm- 
turbed. Tito material universe is also the arena of " ,pr. 
cial providences.” Under these two heads Mr. Mo.h-v 
distributes the total preternatural. One form of the pre¬ 
ternatural may shade into the oilier, ns one color j.u.-mra 
into another in tho rainbow; but, while tho line which 
divides the specially providential from the miraculous can¬ 
not be sharply drawn, their distinction broadly expressed 
is this: that, while a special providence cun only exmUi 
surmise more or less probable, it is “the nature of a m*r- 
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acle to give proof, as distinguished from mere surmise, 
of Divine design.” 

Mr. Mozloy adduces various illustrations of what ho 
regards to he special providences, as distinguished from 
miracles. “The death of Arms,” he says, “was not mi¬ 
raculous, because the coincidence of the death of a hero- 
si arch taking place when it was peculiarly advantageous 
to the orthodox faith . . . was not such as to compel 
the inference of extraordinary Divine agency; but it was 
a special providence, because it carried a reasonable ap¬ 
pearance of it. The miracle of the Thundering Legion 
was a special providence, but not a miracle, for the samo 
reason, because *the coincidence of an instantaneous fall of 
rain, in answer to prayer, carried some appearance, but 
not proof, of preternatural ageuey.” The eminent lec¬ 
turer's remarks on this head brought to my recollection 
certain narratives published in Methodist magazines, which 
1 used to read with avidity when a boy. Th© general 
title of these exciting stories, if 1 remember right, was 
“The Providence of God Asserted,” and in them the most 
extraordinary esrapos from peril were recounted and us¬ 
er i lied to prayer, while equally wonderful instances of 
calamity were adduced as illustrations of Divine retribu¬ 
tion, In such magazines, or elsewhere, I found recorded 
the mm of the celebrated Samuel Hick, which, as it illus¬ 
trates a whole class of ijweial providences approaching in 
concluHivcnesH to miracles, is worthy of mention here. It 
i« minted of this holy man that, on one occasion, flour was 
lacking to make the sacramental breath Gram was pres¬ 
ent, and n windmill was present, but there was no wind 
to grind the corn. With faith undoubting, Samuel Hick 
prayed to the Lord of the winds: the sails turned, the 
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corn was ground, after which the wind ceased. A..-,,id 

ing to the canon of the Hampton L.rhuvr, this, 
carrying a strong appearance of an immediate .a. ifne -a' 
Divine energy, laden by a lmir*breadth the • }»*■» . «<• a 

miracle. For the wind iitit/ht Jiave arisen, and . i. \ •• 
ceased, in the ordinary course of naimv. II«*»».■• . ■■ 

currence did not “compel the iniVrecer eUr.uu.. : m \ 
Divine agency.” in like manner Mr. M ■ 
that “the appearance of tlie cross to < ‘-m faefn • -■ a 
miracle, or a special, providence, aeenphu.- f < v. * . 
count of it we adopt. As only a mefecie npj - .u ■ 
the shape of a cross it gave some tok. u m: pn-;.?: , 4 » , -• 

agency, hut not full evidence." 

In the Catholic canton of Swii..iwAi,d wm-'. ! ■ 

write, and still more among the piou.^ T\ i* A >•, * • • 
tains are dotted with shrines, roulaiitm - ofi-m.*.' ■ < 1 

kinds, m acknowledgment of speeiu! n.- i-’o .* • 
arms, and hands -of gold, silver, hi:o. I w.e .■ ; 
ing as worldly possessions enabled she » iaf« iui i • '•< 

express its indebtedness. Most of dux* * *: f * i o • . :r .• > 
to the Virgin Mary, They are reeie-mtuo:•> *•: ‘ . ; 

providences,” wrought through the in..intnien , .d:f, ■ 
Mother of Cod. Mr. Mo/,ley's belief, that «d t \J : 
odist chronicler, and that of the Tv role e p>\ ,u,i, 
stautially the same. Much of them uesoim'M tha* j . 
instead of flowing over onward in the me ■ l 

rhythm, of cause and effect, is mediately niT-i t-\ C 
free human will. As regards dmw netu.n up.m i ,t 
phenomena, man’s wish and will, an expressed m | s, t -. 1( 
are confessedly powerless; hut prayer m the tngen u 
liberates the Divine power, and to this extent, if t« ill 
be free, man, of course, commands nature. 



Did the existence of this belief depend solely upon 
he material benefits derived from it, it could not, in my 
pinion, last a decade. As a purely objective fact, we 
hould soon see that the distribution of natural phenom- 
na is unaffected by the merits or the demerits of men; 
hat the law of gravitation crushes the simple worshippers 
f Oltcry St. Mary, while singing their hymns, just as 
uroly as if they wore engaged in a midnight brawl. The 
old of this bedief upon the human mind is not tine to 
utward verilloation, but to the inner warmth, force, and 
levation with which it is commonly associated. It is 
lain, however, that these feelings may exist under the 
lost various forms. They are not limited to Chureii of 
Ingland Protestantism—they are not oven limited to 
• hristianitv. Though less refined, they are. certainly not 
•hs strong in the heart, of the Methodist and the Tyrolese 
easant than in the heart of Mr. Mosdey. Indeed, those 
sailings belong to the primal powers of man’s nature. A 
sceptic” may have them. They find vent in the battle* 
ry of the Moslem. They take hue and form in the hunt* 
rig-grounds of the lied Indian; and raise all of them, as 
hey raise the Christian, upon a wave of victory, above 
he terrors of the grave. 

The character, then, of a miracle, as distinguished from 
special providence, m that the former furnishes proof) 
rhi hi in the ease of the latter we have only surmise, 
dissolve the element of doubt, and the alleged fact passes 
rnm the one class of the preternatural into the other. In 
ither words, if a speeial providence eould be proved to 
« tt special providence, it would cease to be n speeial 
incidence ami beeome a miracle. There is not the least 
iloutliness alwuit Mr. Motley’s meaning here. A sjwcial 
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providence is a doubtful miracle. Why, thm, imi .-nil it 
so? The term employed by Mr. Mo/.h-y v*niwy, m. m-gu. 
tive suggestion, whereas the mention of e«TUinty m the 
peculiar characteristic of the thing intended t<< !**• r\. 
pressed. There is an apparent unwilliugm-^ >ot flm part 
of the lecturer to call a special |*r<*\ idem r wh.il bn • *w u 
definition makes it to he. Instead of ape.d. mg **f it .*, ■ a 
doubtful miracle, ho calls it “an invmsble hum- b-.“ 11.• 

speaks of the point of contuet of supmiatmal j * * • i v. »h 
the chain of causation bring so high up ;m !*• be wl.-’b, 
or in part, out of sight, whereas the e~ >*-m e ».! a - ■ d 

providence is the uncertainty whether th» n- m au >-n 
tact at all, oithor high or low. IH the u <• of an . ■ 

rect term, however, a grave danger is u\»m!rd. b'.-i t* n 
idea of doubt, if kept systematically brb-ie the mind, 
would soon be fatal to the special prov id<m *\ o-ieab n d 
as a means of edification. The term > mph'Ved, on tin 
contrary, invites and encourages the trust which t* m-. . -o 
sary to supplement the evidence. 

This inner trust, though at first, rejected by Mr. v 

in favor of external proof, is subseipmuily culled ujmt to 
do momentous duty in regard to mined, Wiu-m *, i hr 
evidence of the miraculous seems ine.mimemuunie w .ih 
the fact which it has to establish, or rather when tin- h„> t 
is so amazing that hardly any evidence is soilin' nt i,* m- 
tablish it, Mr. Mozley invokes “the ulTcrimn*.*' They 
must urge the reason to accept the ronelummt, from which 
unaided it recoils. The alleetionH and eiimtums »re mu- 
nently the court of appeal in matters of real rchgn.n, 
which is an affair of the heart; hut they are imt, 1 mil., 
mit, the court in which to weigh allegation* regarding the 
credibilitv of physical facta. These must be judwrd h« 
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the dry light of the intellect alone, appeals to the affec¬ 
tions being reserved for cases where moral elevation, and 
not historic conviction, is the aim. It is, moreover, be¬ 
cause the result, in the case under consideration, is 
deemed desirable that the affections are called upon to 
back it. If undesirable, they would, with equal right, 
be called upon to act the other way. Even to the disci¬ 
plined scientific mind this would be a dangerous doctrine. 
A favorite theory—the desire to establish or avoid a cer¬ 
tain result—can so warp the mind as to destroy its powers 
of estimating facts. I have known men to work for years 
under a fascination of this kind, unable to extricate them¬ 
selves from its fatal influence. They had certain data, 
but not, as it happened, enough. By a process exactly 
analogous to that invoked by Mr. Mozley, they supple¬ 
mented the data, and went wrong. From that hour their 
intellects were so blinded to the perception of adverse 
phenomena that they never reached truth. If, then, to 
the disciplined scientific mind, this incongruous mixture 
of proof and trust be fraught with danger, what must it 
be to the indiscriminate audience which Mr. Mozley ad¬ 
dresses? In calling upon this agency he acts the part 
of Frankenstein. It is a monster thus evoked that we 
see stalking abroad, in the degrading spiritualistic phe¬ 
nomena of the present day. Again, I say, where the aim 
is to elevate the mind, to quicken the moral sense, to 
kindle the fire of religion in the soul, let the affections 
by all means be invoked; but they must not be permitted 
to color our reports, or to influence our acceptance of re¬ 
ports of occurrences in external nature. Testimony as to 
natural facts is worthless when wrapped in this atmos¬ 
phere of the affections; the most earnest subjective truth 
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being thus rendered perfectly compatible with the moat 
astounding objective error. 

There are questions in judging of whrnh tint alfiictiorti 
or sympathies are often our best guides, the rutuiiiiticiii of 
moral goodness being one of these. Hut at tins pmdw 
point, whero they are really of use, Mr, Mw.lry ex.dudea 
the affections and demands a lumudo us a wrti licit t« of 
character- il'o will not accept any other evitbitw of the 
perfect goodness of Christ. “No outward life iiwf mm- 
duct,” he says, “however irreproachable, muld provo If is 
perfect sinlessncss, because goodness dc|»u«Iis upon Mm 
inward motive, and the perfection of the inward motive 
is not proved by the tmtward act." Hut surely the tnira* 
cle is an outward act, and to pass from it to the inner 
motive imposes a greater strain upon logic tliiiu that m* 
volvod in our ordinary methods of estimating men. "Them 
is, at least, moral eongruity between the outward goc»d«r*H 
and the inner life, but there is no such eongruity heiwrrii 
the miracle and the life within. Tim tent of ntorni #.««!• 
ness laid down by Mr. Moaley is not tho tent of Jolui, 
who says, “Ho that death rightoouanosa in righunmn"; 
nor is it the tost of Jesus: “By their fruit* vo •hall 
know them: do men gather grafa* of thortm, »r tig* of 
thistles?” But it is the test of another: “If tfimi \» tho 
Son of God, oommand that these stones ho itiati# broad.' 1 
Tor my own part, I prefer the attitude of Fiahlo t*» that of 
Mr. Mozloy. “The .Jesus of John,” nay* tliin eo!4« and 
mighty thinker, “knows no other God Mian tim Trim tk«l, 
m whom we all are, and live, and may \m mml 

out of whom there is only Death and Notliitigoem 
And,” continues Fichte, “he appeals, and rightly ap¬ 
peals, in Bupport of this tenth, not to mmmmg t but to 
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such, works as no other man did, h- -'‘rht, brno-Mly 
speaking, to accept the works of tluw wn-, u- ft.** n 
had oast oat devils, as demonstrating » r r *'r** 1 * :8,!lalr ^“'d- 
ness on their part. But it is people ui tie. emv win m»- 
consigned to everlasting lire prepared tor th,- .!,■■*.! .ori 
his angels. Such zeal ns that of Mr. •. o«j e. ; ■ ,« h 

tends, I fear, to cut his religion up. Tm- ■ o o o .-.o .... 
to stifle the spiritual. The truly n . - !•••,-. u n> . • im 

miraculous proof of the goodness o? * so li* «ud , 

addressod to Matthew at the receipt <e » j -n* ;>• i 

no miracle to produce obedience. It w.n ? ■ 3... ■ -j.r ,,( 
the supernatural that Jesus emmet! th*»-.- «.*j t t.» ... . < II 
to go backward and fall to the ground. It «a • im- > >.o 
linio and holy cllliumee from within, wi.i. n i • < .«d no 
prodigy to command it to the reveres* r «-\ rn ».* i. , , 

As regards 1,1 in function of miraeh >* m t h»- nor >1. ■ ..1 

a religion, Mr. Mozley institutes » «***uij arr».n i- > *. r 
religion of Christ ami that of Maimmi-:; .md h> • i ■« ; 
the latter as “irrational'' heeaimr it n.,1 j ? . . 

adduce miracles in proof of its Huprnmti.i.d ! Co 
the religion of Mahomet, notwithstanding th * u.«■<, 
has thriven in the world, and it! our tm.»- a 1 . -v •«, 

over larger populations than t'hmiiiu..!*. a • 1 < ,• 

spread and inlluonee. of Christianity ar«, t, • ?. rrM 

forward hy Mr. Mosdey ns “a penminrni. «•*...! . • nll ,| 

incalculable practical result" of Chrmi uill « st . nu l ■ r 

makes use of this result to strengthen hm j « :t o. t tm- 
miraculous. His logical warrant for line pi... *« s» 
not clear. It is the method of Hrji'luT, ftlsrji ji | J r 
nomenon presents itself, toward the prudu.tum >, or h 
several elements may contribute, to pm-IioC m. • ■ 

^ one i 80 88 to arrive at length at the truly «:?« * 
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cause. Heat, for example, is associated with a phe¬ 
nomenon; we exclude heat, but the phenomenon re¬ 
mains: hence, heat is not its cause. Magnetism is 
associated with a phenomenon; -vve exclude magnetism, 
but the phenomenon remains: hence, magnetism is not 
its cause. Thus, also, when we seek the cause of a 
diffusion of a religion—whether it be due to miracles, 
or to the spiritual force of its founders—we exclude the 
miracles, and, finding the result unchanged, we infer 
that miracles are not the effective cause. This impor¬ 
tant experiment Mohammedanism has made for us. It 
has lived and spread without miracles; and to assert, in 
the face of this, that Christianity has spread became 
of miracles, is, I submit, opposed both to the spirit of 
science and the common-sense of mankind. 

The incongruity of inferring moral goodness from 
miraculous power has been dwelt upon above; in an¬ 
other particular also the strain put by Mr. Mozley upon 
miracles is, I think, more than they can bear. In con¬ 
sistency with his principles, it is difficult to see how he 
is to draw from the miracles of Christ any certain conclu¬ 
sion as to His Divine nature. He dwells very forcibly 
on what he calls “the argument from experience,” in 
the demolition of which he takes obvious delight. He 
destroys the argument, and repeats it, for the mere pleas¬ 
ure of again and again knocking the breath out of it. 
Experience, he urges, can only deal with the past; and 
the moment we attempt to project ’ experience a hair¬ 
breadth beyond the point it has at any moment reached, 
we are condemned by reason. It appears to me that 
when he infers from Christ’s miracles a Divine and alto¬ 
gether superhuman energy, Mr. Mozley places himself 
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precisely under this condemnation. F<<r what is his lag 
ical ground for concluding that Urn mmm!r=» uf tit*^ Nmi 
Testament illustrate Divine power? May ilm* mu }„, y,, 
result of expanded human power? A imrmdr hr ti« 
as something impoRsihlo to mum Hut h«*w «!..*••* {„• t.no* 
that the miracles of the New Trstiim-mt ;u«- 
to man? Seek an he mar, he has nh^duf* ’v on n-u«.i,| 
to adduce save this—that rruui 1ms nn»t hilh.-j u* u-v.nt 
plished such things. But dors the f»n that mmi hn\ 
never raised the dead prove that he ?>m i.-w r r.u«** tht 
doad? “Assuredly not," must he Mr t . j»!v 

“for this would he pushing experinter !•«■<. ,.,..1 t] ;r j utu! 
it has now reached—which I pnmouuer unAv. in\. “ Tin»-t 
a poriod may oomo when mint will I..- jAh- t«. rtr-r ihtj 
dead. If this he eoncedcd—nint I tl*» mu «• },. w \| Ti 

Mozloy can avoid the coneosHmu it i t; .• tl «-.. 

sity of inferring Christ’s Divinity from |{ < 

He, it may he contended, untniuh-d ih»- 
the future; as a mighty tidal wu\«< hm h-.-h 
the beach a mark which hy uinl hy he.-um, » ih.- K ,- Urra 
level of the ocean. Turn Urn mutter *w v -m whl, i H 
other warrant will he found for the nil imj .rtaut 
elusion that Christ’s miracles dctmnmtmt*' ! u\ me j„. ,>, f .| 
than an argument which has hrtm h v Mr, 

Mozley as a “rope of sand”'—-the argument fr..i» 
rionee. 

The learned Hampton Lecturer would L« m ih-^ 
tion, even had he seen with hw own t-*,.# «v.-rv , m! u» U 
recorded in the New Testament. Hut hr ) IUM „.. f *,. rr 
these miracles; and his intellectual pligfit »» th.-r. h-rt 
worse. He aeoepts these miracles nn t^tim.-ny. WM 
does he believe that testimony? How dot* W know H»n 
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it is not delusion; liow is lie sure tliat it is not even 
fraud ? He will answer that the writing hears the marks 
of sobriety and truth; and that in many eases the bearers 
of this message to mankind sealed it with their blood. 
Granted with all my heart; but whence the value of all 
this? Is it not solely derived from the fact that men, 
as we know them ) do not sacrifice their lives in the attesta¬ 
tion of that which they know to he untrue ? Does not the 
entire value of the testimony of the Apostles depend ulti¬ 
mately upon our experience of human nature ? It ap¬ 
pears, then, that those said to have seen the miracles 
based their inferences from what they saw on the argu¬ 
ment from experience; and that Mr. Mozley bases his 
belief in their testimony on the same argument. The 
weakness of his conclusion is quadrupled by this double 
insertion of a principle of belief, to which he flatly denies 
rationality. His reasoning, in fact, cuts two ways—if it 
destroys our trust in the order of nature, it far more effect¬ 
ually abolishes the basis on which Mr. Mozley seeks to 
found the Christian religion. 

Over this argument from experience, which at bottom 
is his argument, Mr. Mozley rides rough-shod. There 
is a dash of scorn in the energy with which he tramples 
on it. Probably some previous writer had made too much 
of it, and thus invited his powerful assault. Finding the 
difficulty of belief in miracles to rise from their being in 
contradiction to the order of nature, he sets himself to 
examine the grounds of our belief in that order. With 
a vigor of logic rarely equalled, and with a confidence 
in its conclusions never surpassed, he disposes of this 
belief in a manner calculated to startle those who, with- 
Science— VI—2 
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out due examination, bad como to the murln dnu that 
the order ol nature wan secure. 

What we moan, ho says, by our belief m the or.!, r ,,f 
nature, is the holier that the future will I- hi.- th- |u i. 
There is not, according to Mr. Mu/,hs, the oheht* t i.i- 
tional basis for this belief. 

“That any causo In nature is morn immanent than Hi •» 4 1:* ..mi 

effects, extending further, nml about lo i<»*«lur.< "'>•* t a . 1 n, ■:.> i. . . » 

bosidoa what it haa produced alrwly, wn haw* no m..ho.... hi > 

ho continues, “tho oceurrorn'o of a pnrtlrulni pin i> d ;• - ' 4 

time. Upon that Hingln ooiuu'rnm'o wo hIjmiiM Uio •» 

poctationof another. If it did wear ngniii, on... oi n<. - ■ 

ing on another occummco, a oiumdlon would m o,.= i e. .< «t i .. i 

to us. But lot it continuo wm hundred titm* n mol wo .14 4 > < • ■ • : a • 

in inviting persons from n UiHtntu'o to mm u; and If a .» • * 4 • *» * * • *'■ •* 

years, its occurrence would he u certainty to iw, it.i • i-,u..4 

What ground of rotwon cun wo mwign for an uij*u-U{,.'Si thru -o.. pis’. t t >. 

courso of naturo will bo tho m»xt immieut what it hf« J« ■ h up t>. tt,:n i.. 

i.e. for ourboliof in tiio unifonnity of imtureT Mono. N*. a- ai...ini- v>.. ■- t. * . t 
can bo given, for tho contrary to the renirn>su-e of a h*»*i . f oaUe.- h j ■> . . 

tradiction. Noprobablo romum mu Ihi given; ft* nit p*<<!.«!.!.. t. . r - *. -.* r •. 
ing tho courso of nature is founded */«»» lion ptsMttu<<pu.»u >4 h*....-t. v 4 
therefore cannot be tho foundation of It. No mown* urn t*» u f- i U » I- I t 
It is without a ronaon. It root* upon no ruth nml gunnel*, ant <-.ut t-< ci- .4 •<> 
no rational principle.” 

“Everything,” Mr. Mtwley, however, mhb, ’M.-j.. oh 
upon this belief, every provision wc make fur tin !o?u-. 
every safeguard and caution wo employ again >»t u, .»Ii 
calculation, all adjustment of moans t*> end a, j-.upju •,<-!» tun 
belief; and yet this besliof has no lumv ju.i.lu.-ible t«-,».nu 
for it than a speculation of fancy. ... It v\ v , 

all-important for tho purposes of life, but j.i». hr.il, 

and possesses no intellectual character. . . . 'I'},.- pi..per 
funotion,” continues Mr. Mozley, “of the mduetne jum- 
ciple, the argument from experience, the belief in the 
order of nature—by whatever phrtuKi wo dnogtmte the mme 
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instinct—is to operate as a practical basis for tbe affairs 
of life and tbe carrying on of buman society.” To sum 
up, tbe belief in tbe order of nature is general, but it is 
“an unintelligent impulse, of which we can give no 
rational account.” It is inserted into our constitution 
solely to induce us to till our fields, to raise our winter 
fuel, and thus to meet tbe future on tbe perfectly gratui¬ 
tous supposition that it will be like tbe past. 

“Thus, step by step,” says Mr. Mozley, with tbe em¬ 
phasis of a man who feels bis position to be a strong one, 
“has philosophy loosened tbe connection of tbe order of 
nature with tbe ground of reason, befriending in exact 
proportion as it has done this tbe principle of miracles.” 
For “this belief not having itself a foundation in reason, 
tbe ground is gone upon which it could be maintained that 
miracles, as opposed to tbe order of nature, are opposed 
to reason.” When we regard this belief in connection 
with science, “in which connection it receives a more im¬ 
posing name, and is called the inductive principle,” the 
result is the same. “Tbe inductive principle is only this 
unreasoning impulse applied to a scientifically ascertained 
fact. . . . Science has led up to the fact; but there it 
stops, and for converting this fact into a law, a totally 
unscientific principle comes into play, the same as that 
which generalizes tbe commonest observation of nature.” 

The eloquent pleader of tbe cause of miracles passes 
over without a word tbe results of scientific investigation, 
as proving anything rational regarding the principles or 
method by which such results have been achieved. Here, 
as elsewhere, be declines the test, “By their fruits shall 
ye know them.” Perhaps our best way of proceeding will 
be to give one or two examples of the mode in which men 
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of science apply the uninbdligeni hu|mW with v.hi.-h Mr. 
Mozley credits tlmm, and which shall show, by bin .fra- 
tion, the surreptitious method whereby they • hmi* {mm 
the region of facts to that of laws. 

Before the sixteenth century it vn»» known th.it « .a- i i . * 
in a pump; the effect being then explain. d !«\ th»- n.a». uu 
that “Nature abhors avaenum." It w* m*t l • a n that 
there was any limit to the height to whi«-!i tie- »a!« i A.-uld 
ascend, until, on one occasion, the p,ud» w i * i ha. 
while attempting to raise water to u \»-n yi> .A «% mia-u, 
found that the column ceased at a h< :ght <d huh t a.» 
feet. Boyond this all the skill of the puny. m.il. r . • mid 
not get it to rise. The fuel was brought t<> th*- m-m «• of 
Galileo, and lie, soured by a world which had m <i !j< ; »t.-d 
his science over-kindly, is suit! to have t a ih< d ih. ph-.b.o 
ophy of the time by remarking that N.»tuie . v ci.-nriy 
abhorred a vacuum only to a height of tho n t*.» I.-. t. 
Galileo, however, did not solve the problem, It ^, ri ul k ». u 
up by his pupil Torricelli, to whom, after .In.- j...ud. i ius x 
tho thought occurred, that the water might be ,-4 mto 
the tube by a pressure applied to the umbo- of ti- ,h.{ U! d 
outside. But where, under the aetmd «■»». unoUm - •», v.,et 
such a pressure to he found? After mu. h r- tb ,t 

flashed upon Torrieolli that the atmosphe,,* r , 

sibly exert this pressures; that the impalpaM.- u.i 
possess weight, and that a column of water thuH t *f. rt 
high might be of the exact weight mvr*»iiry to mdd tho 
pressure of tho atmosphere in equilibrium. 

There is much in this process of pondering and it« 
results which it is impossiblo Uj umriyze. It w by w kind 
of inspiration that we rise from Urn ww« »nd urduhnw 
contemplation of facts to the principles on whieh they 
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be the weight of the air overhead. lb* mui*.‘d a frnmd 
to ascend the Puy de POims carrying vuth him n 
metric column; and it won found that dump th.- a -■•■m 
the column sank, and that during tlm nub-nm m 4. - rut 
the column rose. 

Between the time hero reform! t<» and thr |>iv „ m. mil. 
lions of experiments have been made np.-u tin i '’d'j.-.-i. 
Every village pump is an apparatus for amU • M‘ rl i:u ' Mo. 
In thousands of instaneoH, moreover, pump • !«.«<, •• i-fu*r4 
to work; but on examination it baa mhdhl.h h.-. u homd 
that the well was dry, that the pump i..pni«.S pi.mm./, 
or that some other defect in the apparatus a>.**uut.-4 l.*r 
the anomalous action. In every ease of the l.md i ho »l.dl 
of the pump-maker has been found to bo thr line r« iu« l v. 
In no case has the pressure of the uttm>»|<tirro e« u-,« d; 
jonstanoy, as regards the lifting of pump vk.»t«*r, ban !*« « u 
litberto the demonstrated rulo of nature. Ho a Ho u* re¬ 
gards Pascal's experiment Ilia experience baa been tbo 
miversal experience ever since. Men have chiida'd mmm* 
ains, and gone up in balloons; but no deviation from 
’asoal’s result has ever been observed. liurumetrra, bko 
umps, have refused to act; but instead of indicating any 
uspension of the operations of Nature, or any mW-ifm m e 
n the part of its Author with atmospheric prt-wmrr, ru¬ 
mination has in every instance fixed the anomaly up».u 
le instruments themselves. It is this welding, thru, *.f 
gid logic to verifying fact tliat Mr. Mu/.iey refers u> nn 
unreasoning impulse.” 

Let us now briefly consider the case of NVwbm. lie* 
>re his time men had occupied themsidvr* will* the 
roblem of the solar system. Kepler hud deduced, from 

vast mass of observations, those general expression* ut 
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lanetary motion known as “Kepler’s laws.” It had 
i©en observed that a magnet attracts iron; and by one 
f those flashes of inspiration which reveal to the human 
lind the vast in the minute, the general in the particu- 
»r, it had been inferred that the force by which bodies 
all to the earth might also bo an attraction. Newton 
londorcd nil those things. He looked, as was his wont, 
nto the darkness until it became entirely luminous, 
low this light arises we cannot explain; but, as a mat¬ 
er of fact, it does arise. Lot me remark here that this 
and of pondering is a process with which the ancients 
ould have boon but imperfectly acquainted. They, for 
he most part, found the exercise of fantasy more pleas¬ 
ant than careful observation, and subsequent brooding 
>ver facts. Hence it is that when those whose educa- 
ion lm« been derived from the ancients speak of “the 
eason of man,” they are apt to omit from their oonoep- 
.ion of reason one of its moat important factors. Well, 
STewton slowly marshalled his thoughts, or rather they 
same to him while he “intended his mind,” rising like 
i series of intellectual births out of chaos. Ho made this 
den of attraction his own. But, to apply the idea to the 
mkr system, it was nocesiiary to know the magnitude of 
he attraction, and the law of its variation with the dis¬ 
tance. IBs conceptions first of all paused from the action 
»f the earth as a whole to that of its constituent particles. 
And persistent thought brought more and more clearly 
aut the final conclusion that every particle of matter at¬ 
tracts every other particle with a force varying inversely 
» the square of the distance between the particles. 

Her© we have the flower and outcome of Newton’s 
Induction; and how to verify it, or to disprove it, was 
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the next question. The first step of ilm pb^ oj.1i.-r in 
this direction was to prove, nualuumU.nM. tout if this 
law of attraction be the true one; if r.uih b«< 
stituted of particles which obey this law; tm-n for m-inm 
of a sphere equal to the earth in nr/.o on a b’-Y .ie 

of it is the same as that whirh w«mhi 1-* «•» »»**•? d the 
whole mass of the Sphere wero euiilne'frd {.. n p<o)<! at 
its centro. Practically speaking, then, the 'tiiIh' >*: Hi.« 
earth is tho point from which distances mmd It m< u ur. «l 
to bodies attracted by the earth. 

Prom experiments executed before his hue*. N»-w i.»n 
know the amount of the earth’s attnu-d.m a? **.«• » 
surface, or at a distance of -f,<*!nJ mdr* u><ut n» 

Ilis object now was to measure the nttrufli'm M n rr> a o-r 
distance, and, thus to determine the law of ii • di!.»ij«>;d.>m 
But how was lie to find a hotly at n sud - n-m -n-.f,on .• ? 
Ho had no balloon? ami even if he Sm-1, !i«* ' n« ^ ti..a 
any height to which he eould attain \v«mM b<- i*->* '"u.dl 
to enable him to solve his problem. W hat <hi h*> h.< ? 
He fixed his thoughts upon the ut««m a b>«h 
miles, or sixty times the earth’s radium. ir-*:a ih* r.uii, » 
centre. Ho virtually weighed the lneun, and found ih.u 
weight to bo jutotli of what it would be at ill.- * .nth n 
surface. This is exactly what hw themv j«-.|mred 1 
will not dwell hero upon the pause of Newton n:t.-r i.w 
first calculations, or speak of hw Holf-demid m wdidi.-M- 
ing them booauso they did not quite agree with tb«- oh 
servations then at his command. Newton’s a.-don m nm 
matter is the normal action of tho amendin' numb If it 
were otherwise—-if scientilla men were m»t »K-e««d*m<ni t*» 
demand verification—if they were Hati wli.nl with the u.-. 
perfeot while the perfect ia attainable, thmr unnirr, 
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this succession, besides Ixiing permanent, is, under the 
circumstances, ntxcmmj ; that the gruvitnt i g Imh-.- ex¬ 
erted between the mm and a revolving *j' l,t ' rr with an 
axis inclined to the plane of its whit, iu»»t j>r»< the 
observed sueoessiou of the seasons. N < >t out;! t n« r«'b» 
tion betwoen forces and phenom.ma has h« »-i. r 'fab;. h«->t 
is the law of reason rendered omeeutra* v, .th v « l.i« *4 
nature; and not until thin is eih-etrd »1*‘* th. mu- 1 of 
the soiontillo philosopher rest m prime, 

Tho expectation of likeness, then, in th-- >«» 

of phenomena, is not that cm which the ■*. - in : I 

founds its belief in the order of nature. If th«* h;,',- 
permanent the phenomena an* w < mm/, «la f)*■ r th. , re. 
semblo or do not resemble anything that hm» t-*»m ! . t. , Jr . 
XTenoe, in judging of the order of imtur*-, *>nr <?, ; un.-,4 

eventually relate to the permum-nce of f.u,. is m 

Galileo to New ton, front New !<«» t<> ..or . -• ■» « -i.-, 

eager eyes have heeti scanning the hem <•!.,. „ i . ,*r 

heads have been pondering the plum.m. u .» >4 th.- . ,.r 
system. Tho samo eyes and minds hm« b..-n 
serving, experimenting, and re(leetmg ». n i!„. ** * »m >4 
gravity at the surface of the earth. Nullum.' hm- ... . .m. I 
to indicate that the operation of the haw f.-s >« : ... 
ment been suspended; nothing hns m«-r mim 1 fh-.a 
. nature has been orosaeul by s|Hmtato<oioc net-mo, ..r thni 
a state of things at any time existed which Si ,.t f„* 

rigorously deduced from tho preceding 

Given the distribution of matter, and tho m 

operation, in the time of Galileo, the eomp.u,mi hull,.. 
matioian of that day could prediet what i* imw . , ir . 
ring in our own. We calculate rrhp*.** i„ a-lvi,,,.-. «»4 
find our calculations true to the second. We *!ni«. r i hm 
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.the dates of those that have occurred in the early times 
of history, and find calculation and history in harmony. 
Anomalies and perturbations in the planets have been 
over and over again observed; but these, instead of 
demonstrating any inconstancy on the part of natural 
law, have invariably been reduced to consequences of 
that law. Instead of referring the perturbations of Ura* 
nus to any interference on the part of the Author of 
nature with the law of gravitation, the question which 
the astronomer proposed to himself was, “How, in ac¬ 
cordance with this law, can the perturbation be pro¬ 
duced ? ’ ’ Gruided by a principle, he was enabled to . fix 
the point of* space in which, if a mass of matter were 
placed, the observed perturbations would follow. We 
know the result. The practical astronomer turned his 
telescope toward the region which the intellect of the 
theoretic astronomer had already explored, and the planet 
now named Neptune was found in its predicted place. A 
very respectable outcome, it will be admitted, of an im¬ 
pulse which “rests upon no rational grounds, and can 
be traced to no rational principle”; which possesses “no 
intellectual character”; which “philosophy” has uprooted 
from “the ground of reason,” and fixed in that “large 
irrational department” discovered, for it, by Mr. Mozley, 
in the hitherto unexplored wilderness of the human mind. 

The proper function of the inductive principle, or the 
belief in the order of nature, says Mr. Mozley, is “to act 
as a practical basis for the affairs of life, and the carry¬ 
ing on of human society.” But what, it may be asked, 
has the planet Neptune, or the belts of Jupiter, or the 
whiteness about the poles of Mars, to do with the affairs 
of society? How is society affected by the fact that the 
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wn’s atmosphere contains sodium, or Unit the nvhxtU of 
Orion contains hydrogen gaa? NitmUnm-twrutu-tW ».f the 
force employed in the exorcise of the inductive principle, 
which, reiterates Mr. Mosley, ib ‘'purely practical,** hnvo 
been expended upon subject* an unpractical »« thn*. 
What practical interest has society in the fm-t that the 
spots on tho ami Jiavo a decennial period. ami that when 
a magnet is closely watched for half a century H m 
found to perform small motions which wytiehrom/r with 
the appearance and disappearance of the *«dur 
And yet, I doubt not, Sir Kdward Sabine vn.uhi drrm 
a life of intellectual toil amply rewarded by U un.' pmo 
leged to solve, at its close, these iutimtemmul moie-un 
The inductive principle is founded in mun a d- .ure to 
know—a desire arising from his position imump plo iumi* 
ena which are reducible to order by \m mielT.-t Tho 
material nniverso is the complement of tho nod, 

without tho study of its laws, reason could inner lm\o 
awakened to the higher forms of self nmsenmMiexn *it 
'all. It is the Non-ego through and by which the Kgo 
is endowed with aelf-disoernment. Wu hold it to be an 
exercise of reason to explore the nuunmig of » universe to 
which we stand in this relation, and the work we have 
accomplished is the proper commentary on the mctli.nis 
we have pursued. Before those methods wero adopted 
the unbridled imagination roamed through nature, put 
ting in the plaoo of law the figment* of snperntiium* 
dread. For thousands of year* witchcraft, and nuigws, 
and miracles, and special providences, and Mr. M<»/.it*y'a 
“distinctive reason of man,” had the worhi to thefiundfen. 
They made, worse than nothing of it—1 my\ be¬ 
cause they let and hindered those who might have mn4m 
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unething of it. Hence it is that, during a single life- 
me cf this era of “unintelligent impulse,” the progress 
l knowledge is all but infinite as compared with that of 
ie ages whieh preceded ours. 

‘The believers in magic and miracles of a couple of 
mturies ago had all the strength of Mr. Mozley’s present 
gic on their side. They had done for themselves what 
3 rejoices in having so effectually done for us—cleared 
l 6 ground of the belief in the order of nature, and de- 
ared magic, miracles, and witchcraft to be matters for 
Drdinary evidence” to decide. “The principle of mir- 
sles” thus “befriended” had free scope, and we know 
te result. Lacking that rock-barrier of natural knowl- 
Ige which we now possess, keen jurists and cultivated 
en were hurried on to deeds, the bare recital of which 
akes the blood run cold. Skilled in all the rules of hu- 
an evidence, and versed in all the arts of cross-examina- 
Dn, these men, nevertheless, went systematically astray, 
id committed the deadliest wrongs against humanity, 
.nd why? Because they could not put Nature into the 
tness-box, and question her—of her voiceless “testi- 
ony” they knew nothing. In all cases between man and 
an, their judgment was to be relied on; but in all cases 
jtween man and nature, they were blind leaders of the 
.ind. ‘ 


1 “In 16G4 two women were hung in Suffolk, under a sentence of Sir 
ittliew Hale, who took tho opportunity of declaring that the reality of witeh- 
ift was unquostionablo; ‘for lirst, the Scriptures had affirmed so much; and 
oondly, tho wisdom of all nations had provided laws against such persons, 
aich is an argument of their confidence of such a crime. ’ Sir Thomas Browne, 
10 was a groat physician as well as a great writor, was called as a witnosa, 
d swore ‘that ho was clearly of opinion that the porsons woro bewitched. 
Becky’s “History of Rationalism, 1 ’ vol. i. p. 120. 
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M,l 1! « 

■ r 

t day, they were versed in ilie ItO-naui* 

*4 « 

11 «■* 

)me and Judea; but as regards a hn*»w !* d*. 

» * 1 3 

4 .tf t 

lich is here the one thing needful, thrv 

a«*r*> " 

4 it» 

vages,” and nothing more. In the ra*<- 

..f u. j 

i .i» 

sn, it behooves xm to understand the weight 

id Ihi 

! i * 

r e, before we assign a value n* the jmmuU \** 

t tn . . 

’"‘I 

nd the depositions of nature, before we utm 
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en our eyes to aeo wlmt hoiust und nm n,i< . < 
5U and women are capable of, jw v> ju< 4 mo.' . ,-i. ■ 

this nineteenth century of the {'hmtmn . r.i, and m : 
de fifty-two degroea north. Tim expi-rum <■ thui . i 
ight, I imagine, to influence our opinion r.v.u.i te¬ 
stimony of people inhabiting » miiinmr i-hmr. \%a 
ilier imagination, and without a partn !.. ..f that k-,u 

hich the diaeoverioH of physical on.. luo«* n.,p. 

ion mankind. 


ms cnaracxer. inongn oareiy Known to m 
Ms recent death affected me as that of a 
regard to the style of his book, I heartily su 
description with which the “Times” winds u 
appreciative review. “It is marked throng 
most serious and earnest conviction, but is 
gle word from first to last of asperity or insin 
opponents; and this not from any deficiencj 
to the importance of the issue, but from a 
resolutely maintained self-control, and from a 
ever-present sense of the duty, on themes li 
more than judicial calmness.” 

[To the argument regarding the quantitj 
ulous, introduced at page 21, Mr. Mozley 
the honor of publishing a Beply in the se 
of the “Contemporary Review.”—J. T.] 


ADDITIONAL REMARKS ON MU 

Among the scraps of manuscript, writte 
when Mr. Mozley 7 s work occupied my att< 
the following reflections: 

With regard to the influence of modern 
Mr. Mozley rates so low, one obvious effe 
enhance the magnitude of many of the reco 
and to increase proportionably the difficul 
The ancients knew but little of the vastnei 


zardmg the assertion, won uetsmeu momnrouw, mm. 
a might be as largo as the whole country •<( <ii'« 
ie oonoems of a universe, regarded from this point 
m, were much more commensurate with mm* mol 
acerns than those of the universe which science now 
a,ls to us; and hence that to suit man’s purposes, **r t 
compliance with his prayers, changes should occur in 
ler of the univorso, was more easy of Wind in the 
nt world than it can lie now. In the v cry mngtuti 
ich it assigns to natural phenomena, nemneo has hi 
mted the distance between them and man, ami increm 
> popular belief in their orderly progression. 

As a natural consequence the demand ho «n idemm 
ire exacting than it used to he, whenever it is a thru 
it the order of nature has been disturbed, 1..-1 ns i»< 
an illustration the miracle by which the victory 
shua over the Amorites was rendered complete. 

case the sun is reported to have stood still for "aU 
vhole day” upon Oibeon, and the tnotm in tlm v«l 
Ajalon. An Englishman of average education at 1 
JBent day would naturally demand a greater amount 
idence to prove that this ocourrettoe took place, th 
uld have satisfied an Israelite in the age succeed» 
it of Joshua. For, to die one, the miracle probably m 
ted in the stoppage of a fiery ball \m» than a yard 
imeter, while to the other it would be the utopp* 
an orb fourteen hundred thousand tlfftim llin nnrili 
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the “firmament of heaven*'; am! Sir G. .e,-.- Am r.*vtti 
to the case of a Greek philosopher w!m w.% * 1 * : ' ' lU d ^" r 

hazarding the assertion, tiien deemed uem 1 ■ ■ lii s! !!;l * 

sun might he as largo an the whole *« * • : Or- . -t, 
The concerns of a universe, regarded n• - t:. p • “i <4 

view, were mueh more eomrnesmmaie wtin s., .md ms 

concerns than those of tin* miners* vt lu- h • .»■: . •- u- 
veals to us; and lienee that to suit man s pm \ ■ • , c .it 
in compliance with his prayers, changei i • • • -a ;n fh«< 

ordor of the universe, was more ram »4 !•» 1 * i in tie- .,n 
cient world than it enn he now. In the \ . ma.-mfade 
which it assigns to natural phenomena. • om* 

monted the distance he tween them and man, an* i m* iv.i ed 
the popular belief in their orderly pi ogre- ,..,n 

As a natural conaotjuunee the demand t> n • \ ebm e n 
more exacting than it used to he, whem-v ♦ j it i * adu no-d 
that tlio ordor of nature has been dinlurhed L< t m> tale 
as an illustration the mirmdu by wlueh the t- n\ 
Joshua over the Amorites was rendered . -mpb’t<\ In 
this case the Bun is reported to have sto..d ..till bn "ab-ut 
a whole day” upon Gibe,cm, and Use moon in the \ ; dh y 
of Ajalon. An Fngliahman of average r.lmminoj at the 
present day would naturally demand n greater nm-md >•( 
evidence to prove that this occurrence u «<L plt> «•, than 
would have satisfied an Israelite in the age s t U > .., d .ng 
that of Joshua. For, to the one, the mirnele probnbU »n 
sisted in the stoppage of a fiery ball lens time » yaid m 
diameter, while to the other it would be the ^.pju^m 
°f an orb fourteen hundred thousand time* the rani, in 
size. And even accepting the interpretation that Jodtua 
dealt with what was apparent merely, but that vGmt really 
occurred was the suspension of the earth s muimn, I 
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think the right to exercise a greater reserve in accepting 
the miracle, and to demand stronger evidence in support 
of it than that which would have satisfied an ancient 
Israelite, will still be conceded to a man of science. 

There is a scientific as well as a historic imagination; 
and when, by the exercise of the former, the stoppage of 
the earth’s rotation is clearly realised, the event assumes 
proportions so vast, in comparison with the result to be 
obtained by it, that belief reels under the reflection. The 
energy here involved is equal to that of six trillions of 
homes working for the whole of the time employed by 
Joshua in the destruction of his foes. The amount of 
power thus expended would bo sufficient to supply every 
individual of an army a thousand times the strength of 
that of Joshua, with a thousand times die fighting power 
of each of Joshua’s soldiers, not for the few hours neces¬ 
sary to the extinction of a handful of Amoritee, but for 
millions of yearn. All this wonder is silently passed over 
by the naemd historian, manifestly because he knew noth¬ 
ing ulamt it. Whether, therefore, we consider the miracle 
as purely evidential, or us a practical means of vengeance, 
the same lavish squandering of energy stare# us in the 
face. If evidential, the energy was wasted, because the 
Israelites knew nothing of its amount; if simply destruc¬ 
tive, then the ratio of the quantity lost to the quantity 
employed may \m inferred from this foregoing figure*#. 

To other miracle# similar remark* apply. Transferring 
our thoughts from this little wind-grain of an earth to the 
Immeasurable heavens, where countless world# with freight* 
of life probntdy revolve unseen, the very aims which warm 
them being barely visible aero*# abysmal space; reflecting 
that beyond then© spark# of solar fire, »um innumermbfe 
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may burn, whoso light enn never mir the «•p lt *' nerve at 
all; arid bringing these rclleetnuw f.e e t.* i.i> «• w.ta tin* 
idea of the Builder and SusUim-r <>! \i .1!! • Hun 

self in a burning bush, eOutui.ne 11. - 1-..’ :• 1 ; u! , ..r 
behaving in other familiar was a u-'.-i ihe l t- • H . ■ t?.*> 

Jewish Scriptures, the ine.mgimfy mu 1 j * .0 J»nl il,:« 
credulous prattle of tin* am u nm ab-ut w.i e u.d 

alone; wore it not nssueiuted w jth w-*3 -i . . ! j -i b, 
wisdom, and with examples of m«*r.i! u:,- u -i 

elsewhere in the history of the hum, in m« » . ? .• *u u »• u,.r 
aeles and their “evidenees" would Si.no .;o> . . » . i 

to bo the transmitted iuherituneo of u £ i«- m -,-» -.1 In 

fluencod by the thoughts which thin uuao ><• P-J* wll 
may we exclaim in David's spirit, if m-t 01 !*.«,% 3 i"» w. 
“When I consider the heavens, the w«*ik of Tm tine* t„, 
the moon, and the stars, which Thou h.»»i . id.un.sl, «; a 
is man that Thou shouldst be mindful of him, or the »,.u 
of man that Thou shouldst so regard him 7 “ 

If you ask mo who is to hunt the ..m^ung.i ,.f \\ 
mighty powor, my answer is, Nut l. If 3,.4 , 1,1 uige 

that if the Builder and Maker of Huh unn.-mo oh.**,, t., 
Stop the rotation of the earth, ur to take ihr {,, n «i of u 
burning bush, there is nothing to pre\«-ut ihm fi,.m d.-mg 
so, I am not prepared to contradict you. I jiri ih,- r o 0 
with you nor differ from you, for it in n ph .j,-, t .4 mlh 
1 know nothing. But 1 observe that m nn> 1, .|u< 
regarding Almighty power, your impuries r* h»i« ,, n.<t to 
that powor as it is actually displayed n, th«, „ llI1( , !w , but 
to the power of your own imagination, Y,»„r ,j U c»iti...» m, 
not has the Omnipotent done so and «„? or i« a m the 
least degree likely that the Omnipotent should do „„ and 
so? but, » my imagination competent to picture » U, n u K 
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III 

ON PIlAVliH AH A FuKM OF !'U Y HO* V I, KM-UOV 

T ilK! Kditor of the "(Imitoiuporary H**\ n-.v " i.-» horrid 
enough lo grant mu space for muiw r*nmi ho *.p.»n 
a subject whiuli, though my ivluthm to it w,*u 
simply that of a vehicle of tritu*iub*iou» hm» brought 
clown upon mo a oonsidrruhb amount of uniumdvi u.ion. 
It may bo interesting to houiu of mv i- adna a' I 
glance at a few eases illuHtmtivu of tho h»*i*»n, of the 
human mind, in relation to thin and k»odrrd tgi. hii»>n.». 
In the fourth century the belief in Antipode wan .!«•< u*« d 
unscriptural and heretical. Thu pious Lariuniiim um irn 
angry with tho people who held this notion m nu e« n ...14 
are now with me, and quite m unsparing in tn« d« nun. o 
ations of their “Monstrosities.” Ifuctuuliu* w«< inii.it.-,I 
because, in his mind, by education and balnt, r,,mu>m.'nv 
and religion were indissolubly iismuhard, ami, thrrriojv, 
simultaneously disturbed. In the early part of tho m vm* 
teenth century the notion that the earth wan tUrd, and 
that the sun and stars revel veil round it daily, wiw inter' 
woven with religions feeling, the separation ibm at 
tempted by Galileo rousing the auimonitv and UndHne 
the persecution of the Church. Men still living ran ,, 
(141 
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mber the indignation, excited by the first revelations 
geology regarding the age of the earth, the association 
ween chronology and religion being for the time in¬ 
soluble. In our day, however, the best-informed the- 
gians are prepared to admit that our views of the Uni- 
'ho and its Author are not impaired, but improved, by 
abandonment of the Mosaic account of the Creation. 
>k, finally, at the excitement caused by the publication 
the “Origin of Species”; and compare it with the calm 
mdarit on the appearance of the far more outspoken, 
l, from the old point of view, more impious, “Descent 
Man.” 

Thus religion survives after the removal of what had 
n long considered essential to it. In our day the 
tipodos are accepted; the fixity of the earth is given 
, the period of Creation and the reputed ago of the 
rid are alike dWipated; Evolution is looked upon 
houfc terror; and other changes have occurred in the 
10 direction too numerous to he dwelt upon here. In 
t, from the earliest times to the present, religion has 
n undergoing a process of purification, freeing itself 
wly and painfully from the physical errors which the 
ivo but uninformed intellect mingled with the asp tra¬ 
in of the soul. Homo of us think that a final act of 
•i fieri ti on is needed, while others oppose this notion 
h the confidence and the warmth of ancient times, 
o bone of contention at present is Urn physical mdm 
prayer. It is not my wish to excite surprise, much 
i to draw forth protest, by the employment of this 
me, I would simply ask any intelligent person to 
k the problem honestly in the face, and then to my 
ether, in the estimation of the great body of those who 
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sincerely resort to it, prayer dm*# n«»t. at ail event* upoa 
special occasions, invoke a Power which oh<vk* anti *ug. 
ments the descent of min, which change* the We and 
direction ol winds, which affect* the growth of corn and 
the health of men and earths a Power, in *h«»rt, which, 
when appealed to under pressing vin'nnmlMU'm, produce* 
the precise efleets caused by physical om*ry v m ilm urdi. 
nary course of things. To anv |*-r«.. u who d.uri# «i&. 
eerely with the subject, and n»fu*o# to blur hi* moral 
vision by intellectual subtleties, this, I think, will appear 
a true statement of the auto. 

It is under this aspect alone tiwt Pm *u‘mu title winded, 
go far as I represent him, has any wish to tnrddto with 
prayer. Forced upon lib attention a* a form of physical 
energy, or as the equivalent of such energy, lit* claim* 
the right of subjecting it to thone method# of oxamma* 
tion from which all our present knowledge of the phys¬ 
ical universe is derived. And if hi# rtweimdic* b ad him 
to a conclusion adverse to itn elaima—if hi* in«jmriM rivet 
him stall closer to Pie philosophy implied in the w*»rd«, 
“He maketh His sun to shine cm the evil and on the 
good, and sendeth rain apn the just and tip«»n the un- 
just”—he contends only for the displacement of prayer, 
not for its extinction. He simply aaya, physical nature 
is not its legitimate domain. 

This conclusion, moreover, must l#» baaed mi pure 
physical evidence, and not on any inherent 
ableness in the act of prayer. The theory that the sys¬ 
tem of nature is tinder the control of a lhung who 
changes phenomena in compliance with the prayer* of 
men is, in my opinion, a perfectly legitimate one. It 
may of course be rendered futile by being juMtietatedl 
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■with, conceptions which contradict it; but such concep¬ 
tions form no necessary part of the theory. It is a mat¬ 
ter of experience that an earthly father, who is at the 
same time both wise and tender, listens to the requests 
of his children, and, if they do not ask amiss, takes 
pleasure in granting their requests. We know also that 
this compliance extends to the alteration, within certain 
limits, of the current of events on earth. With this sug¬ 
gestion offered by experience, it is no departure from 
scientific method to place behind natural phenomena a 
Universal Father, who, in answer to the prayers of His 
children, alters the currents of those phenomena. Thus 
far Theology and Science go hand in hand. The concep¬ 
tion of an ether, for example, trembling with the waves 
of light, is suggested by the ordinary phenomena of wave- 
motion in water and in air; and in like manner the con¬ 
ception of personal volition in nature is suggested by the 
ordinary action of man upon earth. I therefore urge no 
impossibilities , though I am constantly charged with doing 
so. I do not even urge inconsistency, but, on the con¬ 
trary, frankly admit that the theologian has as good a 
right to place his conception at the root of phenomena 
as I have to place mine. 

But without verification a theoretic conception is a 
mere figment of the intellect, and I am sorry to find 
us parting company at this point. The region of theory, 
both in science and theology, lies behind the world of the 
senses, but the verification of theory occurs in the sensi¬ 
ble world. To check the theory we have simply to com¬ 
pare the deductions from it with the facts- of observation. 
If the deductions be in accordance with the facts, we 
accept the theory: if in opposition, the theory is given 
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up. A single experiment i« frequently ihwisrd, |.y ulurh 
the theory must stand or fall. Of thin character wa.i the 
determination of the velocity of light m liquid*., a 
crucial test of the Kmisshm Timmy. Accm-dmc to it, 
light travelled faster in water than in air; ao^rhne to 
tlio Undulatory Theory, it travelled factor in me tl.uu in 
wator. An experiment suggested by Anu-.r, and c\o. 
on tod by Fizouu ami Foucault, whs coneluAs << upninat 
Newton’s theory. 

But whilo Hoieneo cheerfully submits t-» tins ordeal, it 
seems impossible to devise tt mode of \ rrtu,-niu, n *.f 11«« tr 
theories which does not rouse resentment in the«»b»L’ieal 
minds. Is it that, while tie* pleasure ».f t! t e -:• ***iti«> 
man culminates in the demonstrated harm-oy !•*•!•««•<•» 
theory and fact, the highest pleasure ,,f the irl .-imm* 
man has been already tasted in the v« n u«*f »-i ps .u - 
ing, prior to verification, any further e!f><rt m the. «!o« «•. 
tion being a mere disturbance of his pra. <* ? Ur i*. it that 
we have before us a residue <>f that m\ -ite-inm «*f the 
Middle Ages, so admirably described bv W !»•«•»’! 1 that 
“practice of referring things ami events not t*» ch- ir .usd 
distinct notions, not to general rules capable of direct 
verification, but to notions vague, distant, and \uit. 
which we cannot bring into contact with fact*; H i v,h. u 
we oonneot natural events with moral and h. t.»ne 
causes?” “Thus,” ho continues, M the chancier «d m\«. 
ticism is. that it refers particulars, not to grner«h.m?H.us, 
homogeneous and immediate, but to such nn are hrt.-r..- 
geneous and remote; to which we must ndd that the 
process of this reference is not a culm art of the mird* 
lect, but is accompanied with a glow of <*nthu»in»iio 
feeling.” 
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Kvery feature here depicted, and some more qws- 
li unable ones, hare shown themsdree of late; most corn 
iptcuoualy, I regret to my, in the “'leaders” of a weekly 
ournal of considerable influence, and one, on many 
grounds, entitled to the respect of thoughtful men. In 
he correspondence, however, published by the same jour- 
ial, are. to he found two or three letters well calculated 
o correct the temporary flightinosH of the journal itself. 

It is not my hahit of mind to think otherwise than 
■olemiily of the finding which prompts prayer. It is a 
lower which T Hhould like to sec guided, not extin- 
rumhed —devoted to practicable objects instead of wasted 
tpon air. In some form or other, not yet evident, it 
nay, as alleged, he necessary to man’s highest culture. 
Vrtain it is that, while I rank many persons who resort 
o prayer low in the seule of being—natural foolishness, 

• i go try, and intolerance being in their cants intensified by 
Ih» notion that they have access to the ear of God—t 
egard others who employ it as forming part of the very 
■ream of the earth. The faith that adds to the folly and 
cruelty of the one is turned to enduring sweetness, bob- 
iohh, abounding charity, and self-sacrifice by the other, 
tidigion, in fact, varies with the nature upon which it 
’nils. Often unreasonable, if not contemptible, prayer, 
n its purer forms, hints fit disciplines wlue.h few of us 
•an neglect without moral loss. But no good can come 
»f giving it a delusive value, by claiming for it a power 
n physieui nature. It may strengthen the heart to meet 
if«‘s losses, and thus indirectly promote physical well* 
anug, as the digging of ^Ksop’s orchard brought a irons* 
ire of fertility greater than the golden treasure sought 
hieli »mlirent issues we all admit; hut it would be ®im- 
1%-liises—«V I ~3 
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ply dishonest to affirm that it ii such issues that aw 
always in view. Here, for the present, I must end. f 
ask no space to reply to those milers who make such free 
use of the terms insolence, outrage, profanity, ami Mjm» 
phemy. They obviously laok the sobriety of mind nec¬ 
essary to give accuracy to their statements, or to render 
their charges worthy of serious refutation. 
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VITALITY 

T UB origin, growth, mid energies of living things are 
subjects which have always engaged tho attention 
of thinking men. To account for thorn it was usual 
to assume a special agent, free to a great extent from the 
limitations observed among the powers of inorganic nat¬ 
ure. Thin agent wan railed vitul force; find, under its 
influence, plants and uuinmln wen* supposed to collect 
their muterials ami ti> assume determinate forms. Within 
the last few years, however, our ideas of vital pmcesw 
have undergone profound modifications; and the interest, 
and even disquietude, which the change has excited are 
amply evidenced by tin* discussions und protests which 
are now common regarding the phenomena of vitality. 
In tracing these phenomena through all their modifica¬ 
tions, the most advanced philosophers of the present day 
declare that they ultimately arrive at a single source of 
power, from which all vital energy is derived; and the 
disquieting circumstance in that this source is not the di¬ 
rect flat of a supernatural agent, hut a reservoir of what, 
if we do not accept the creed of Zoroaster, must bo re¬ 
garded as inurijnnie force. Tn short, it is considered as 
proved that all the energy which we derive from plants 
and animals is drawn from the sun. 

A few years ago, when the sun was affirmed: to Vie the 

(ol) 
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To most minds, however, the energy 

of 1 

ight 

and heat 


presents itself a» & thing totally distinct fr»»m »«i imaty 
meohanio&l energy. Either of them mm ti"vcrih'dr-v» be 
derived from the other. Wood unit be raised by f rs- lent 
to the temperature of ignition; while by properly «tuk> 
ing a piece of iron a skilful blaekmmth ran ran no it to 
glow, Thus, by the rude agency «! bis hummer, In’ f?«’11* 
©rates light and heat. This action, if carried fur enough, 
would produce the light and heat of the mm. In fact, 
the sun’s light and heat have actually been referred to 
the fall of meteoric matter upon Ida surfing; and whether 
the sun is thus supported or not, it is jwrfn tlv mtmi 
that he might U thus supported. Whether, m„m,vrr ( the 
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■whilom molten condition of our planet was, as supposed 
by eminent men, due to the collision of cosmic masses or 
not, it is perfectly certain that the molten condition might 
he thus brought about. If, then, solar light and heat can 
be produced by the impact of dead matter, and if from 
the light and heat thus produced we turn derive the ener¬ 
gies which we have been accustomed to call vital, it indu¬ 
bitably follows that vital energy may have a proximately 
mechanical origin. 

In what sense, then, is the sun to be regarded as the 
origin of the energy derivable from plants and animals V 
Isd us try to give an intelligible answer to this question. 
Water may be raised from the sea-level to a high eleva¬ 
tion, and then permitted to descend, fn descending it 
may be mud** to iwhiuiic various forms- to fall in emu* 
cades, to spurt in fountains, to boil m eddies, or to flow 
tranquilly along a uniform bed. It may, moreover, be 
caused to set complex machinery in motion, to turn mill¬ 
stones, throw shuttles, work saws and hammers, and 
drive piles. But every form of power here indicated 
would be derived from the original power e\|»ended in 
raising the water to the height from which it felt. There 
in no energy grtirratni by the machinery: the work jwr- 
formed by the witter in descending is merely the parcel¬ 
ling out and distribution of the work exjmndod in raising 
it. In precisely this sense its all the energy of plants and 
animals the parcel bug out and distribution of a power 
originallv everted 1»v the sun. In the case of the water, 
the source of the j*nwcr eousists m the forcible separation 
of u quantity of the liquid from a low level of the earth’s 
surface, and its d« \atom t« a higher jamilimi, the power 
thus c>|»cndcd l song returned by the water in its deseenl 
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In the case of vital phenomena, the source of power eon- 
gists in tlio forcible separation of the atom?* of compound 
substances by the nun. We name the have wiu> U draw* 
the water earthward *'gravity, 1 ' and that w Inch drawn 
atoms together "chemical alVutiiy”; but thr..c did. rent 
names must not mislead us regard tm* fn»< .pmhidive 
identity of the two forces, They ;ui' b. *f h »,*'o./ ?j 
and, to the intelleet, the fulling of e.u b.m un-m-. mmima 
oxygen atoms is not more diilieult of cncrptwu than tin* 
falling of water to the earth, 

The building up of the vegetable, then, m i !!*’,'!••>{ |»y 
the sun, through the reduction of ehemie.d «*<: ; ,p..uuds, 
The phenomena of animal life arc more or h , > . *.mplt 
cated reversals of these, promises <»f reduction Wo cat 
tlie vegetable, and wo breathe the niygcu of the «ir; 
and in our bodies the oxygen, which had br, u hfted 
from the carbon and hydrogen by the action of the mm, 
again falls toward them, producing animal heat and dr 
veloping animal forms. Through the ?m.»t romphc.it.-4 
phenomena of vitality this law runs the vegetable ih 
produced while a weight rises, the umm»l m produced 
while a weight falls. But the question « not rUmu-.ied 
here. The water employed in our first libmirati.m g.-n- 
erates all the motion displayed in its dem-ent, but tim 
form of the motion depends on the elmnirin of the ma¬ 
chinery interposed in the path of the water. In » mmo 
lar way, tho primary action of the sun's rny» m qim.hfied 
by the atoms and molecules among which their energy ih 
distributed. Molecular foreoa determine the form which 
the solar energy will assume. In the separatum of the 
carbon and oxygen tins energy may h« so romlitnuird 
as to result in one ease in th* formation of a e»b!mge v 
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and in another case in the formation of an oak. So also, 
as regards the reunion of the carbon and the oxygen, the 
molecular machinery through which the combining energy 
acts may, in one case, weave the texture of a frog, while 
in another it may weave the texture of a man. 

The matter of the animal body is that of inorganic 
nature. There is no substance in the animal tissues 
which is not primarily derived from the rooks, the 
water, and the air. Are the forces of organic matter, 
them, different in kind from those of inorganic matterV 
The philosophy of the present day negatives the ques¬ 
tion. It is the compounding, in the organic world, of 
foroea belonging equally to the inorganic, that consti¬ 
tutes the mystery and the miracle of vitality. Every 
portion of every animal body may bo reduced to purely 
inorganic matter. A perfect reversal of this process of 
reduction would carry us from the inorganic to the or¬ 
ganic; and such a reversal is at least conceivable. The 
tendency, indeed, of modern science is to break down the 
wall of partition between organic and inorganic, and to 
reduce both to the operation of forces which are the same 
in kind, but which are differently compounded. 

(hmsider the question of jmraonal identity, in relation 
to that of molecular form. Thirty dour years ago, Mayer 
of Heilhrnnn, with that power of genius which breathes 
large meanings into scanty facts, pointed out that the 
blood was ‘Him oil of the lamp of life," the combustion 
of winch sustains imisculur action. The muscles are the 
machinery l»y which the dynamic power of the blood in 
brought into play. Thus the blood i§ consumed. But 
the whole body, though more slowly than the blood, 
wastes also, so that alter a certain number of years It 
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and who will set limits to the possible ] 
cules in a cooling planet ? II these state 
it is because matter has been defined 3 
by philosophers and theologians, who wen 
aware that it is, at bottom, essentially 
transcendental. 

Questions such ns these derive their p 
in great part from their audacity, which h 
time, to disappear. And the sooner the p 
abolished with reference to Hindi questions tin 
cause of truth. As regards knowledge, pi 
is polar. lit one sense it knows, or is dent 
everything. In another turns * 1 it knows not 
understands much of this intermediate pi 
that we end nut tire, of whieli it is the 
ttetcftee knows in»! hi lie of the osiglit or dost 
Who or what made the sun, and gavii his 
leged power 1 Wliti or what iniicli! mill 1 
f|»o ultiuiiite jiariieleS of linitier their WOfitl 
Varied lliter.e tiMli ? Seieneo tines Hot k now 
though jei lied bn*' k, I'ejn.una unaltered, f l 
who feid that there are in* in' things ill hua 
tlniii are dreamed of in the present ploioso] 
lint win* ha\ e been a 1st* taught, by battle 
V lit ft is the ill loin | if to grapple with the 1 
liltunii^ frame »>f mind m that of tiuetlie; 


As I rote through the BchwanrwaM, I aaM to »yte 
glows star-like across the dark-growing moor, whure ih 
his anvil, and thou hopost to replace thy lost hurtwali.* 
rated speck, cutoff from the wholo Universe; or 
Thou fool, Uutt smithy- fire watt primarily klmlM at Ui< 
circulate! from before Noah’s iMugo, fn«» Wyotui ih 
Iron Force, and Coal Force, and the far stronger Fm 
affinities and battle* and vlctoriee of Fores brought ate 
or nervous centre, in the great vital system of luimrtini 
an unconscious Altar, kindled on the bottom of Urn AI 
rated 1 I say there Is no such separation: nothin* hit I 
cast aside; but all, were it only a withered leaf, wor! 
borne forward on the bottomlea*, ahoroleoa flood of a 
perpetual metamorphoses.—(Untieui 


V 

KATTEB AND FOBOB * 

I T is the custom of the Profowtom in 
of Mines in London to give course 
ures every year to working men. 
holds 600 people; and tickets to thin 
posed of as quickly as they can tx> hai: 
attnlv for them. So tl eat mtia am tlm 


hardly ever of m nature which admits ol 
into money. It is, therefore, a pure desi 
edge, as a thing good in itself, and without 
practical application, which animates the he 

lectures. 

It is also my privilege to lecture to anc 

in London, composed in part of the aristoc 
while the audience Just referred to is compc 
the aristocracy of labor. As regards attenti 
mj to the lecturer, neither of these audie: 
thing to learn of the other; neither can cla 
over the other. It would not, perhaps, be 
to take those persons who flock to the Scl 
as average samples of their class; they 
picked men—the aristocracy of labor, as 
called them. At all events, their conduct 
that the essential qualities of what we in E 
stand by a gentleman are confined to no cl 
have often raised in my mind the wish th 
men of all classes, artisans as well as loY 
some process of selection, be sifted from the 
of the community, and caused to know eacl 

When pressed some months ago by the < 
British Association to give an evening 1 
working men of Dundee, my experience oi 
men of London naturally rose to my mind 
heavily weighted with other duties, I cot 
myself to decline the request of the Counc 
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Ihrered before its members ami as»t« 
niter tho meeting at Nottingham, las 
working xnon, at their own request. \ 
our late President, Mr. Grove, and 
friend, Professor Ilnxlev, the idea nr 
ing with all subsequent mee tines <>f t 
address to tho working men of the t. 
meeting is held. A resolution to that 
the Committee of Recomineiubitiim*; tl 
ported tlio resolution; the. Council of th 
fied the decision of th© Committee; : 
carry out to the best of my ability the 

Whether it ho a consequence of 
rebpmont, or an endowment eoufern- 
man at his cre&tton, we tlml him h 
mind curious to know the caimes of 
rounded by objects which exette its 
raise the desire for an explanation, 
young Prince of one of the Pacific is 
■ftret saw himself in a looking-glua* he i 
to see who was standing at the buck 
with the general human intellect, as i« 
ena of the external world. It wishes 


XATmm dm fomom 


t T m to speak, the complement o£ imtare's koto, 
r within certain limit!*. the secret el the uaiveme 
i to the human mtti«r»fcaBcliag. it w&h found thai 
I of man had the power ol penetrating far be; 
boundaries of hi* five »ea«ts; that the thing* n 
seen in the material world depend for their a 
i things otween; in short* that besides the phe 
which address the senses, there are laws and ; 
m and jirocewes which do not at hires* the etii;o 
lmt which must he, and can be, spiritualty db-«vt 
t'e the subjects which require this diseernmeut bt: 
phenomena of molecular force* But to trace 
mm of the notions now entertained upon this 
we have to go a long way buck. In the dm 
i bow, the darting of n javelin, the. throwing 

o-. in the lifting of bun lens, mud in personal 

—oven savage man became acquainted with 
•ation of /#mv Agm of discipline, moreover, to 
foresight. He kid by at the proper season » 
otiil, thus obtaining time to look about him, an 
>mo fin observer anti inquirer. Two things whic 
cod must have profoundly stirred his curiosity* 
id that a kind of resin dropped from a certain 


rubbed amber were credited with jmn 
or, in other words, with exerting f"ivi 
In the time of the great Lord Ha 





without the intervention c 
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of variation "with the diirtioc#. But 
result Newton found room for other 
of whioh, indeed, constituted the 
stones to his result, Tho one whicl 
is, that not only doe* tho sun attract 
earth attract the sun, a* whole*, i>u 
the sun attracts every parted** of tho 


named jjemoomus, npiouru 
adopted, developed, and di 
and molecules, which foui 
hands of the illustrious J 
and Roman philosophers I 
lowers, up to tho time of 
as falling and flying throw 
and dinging together by 
They missed the central it 
could come together, nnt, 1 
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repels, the north pole of the needle 
be as perfect a magnet a# the win 
this half and go on till further »>rm 
sible through the very »mal 1 new « 
smallest fragment in found endowed 
is, therefore, a perfect magnet. ! 
hero: you imaghu’ where you • ai 
reach the conclusion entertained 1 
that the magnet which you see a 
blage of molecular magnets whieh 
feel, but which, ok before a tit ted, \ 
discerned. 

Magnetism then is a polar fnroe; 
that a force of this kind may oxer 
power. It is known, for examp 
strewn round a magnet arrange t 
linos, called, by some, ‘'magnetic t 
ers, “linos of magnetic force. 1 ' O' 
before me is spread a sheet of jn 
filings ovor the paper, polar force 
every particle of the iron respond 
have a kind of architectural offer 
term—exerted on the part of th< 
then is a fact of experience wh 


MATTER Am FORCE 


processes of chemistry are examples of these. ] 
king and experimenting has led philosophers to 
le that matter is composed of atoms from wl 
ther separate or in combination, the whole mat 
Id is built up. The air we breathe, for exampl 
rilj a mechanical mixture of the atoms of oxygon 
ngim. The water we drink is also composed of 
and hydrogen. But it differs from the air in 
imtlar, that in water the oxygen and hydrogen 
mechanically mixed, but chemically combined, 
cm of oxygen and those of hydrogen exert enori 
ictions on each other, so that when brought 
client proximity they rush together with an til 
edible force to form a chemical eomjmundL 
erfu! us is the force with which these atoms 
twelves together, we liavc the means of tearing * 
ttkir, and the agent by which we accomplish this 
i receive a few moments' attention, 
mto n vessel containing acidulated water 1 dip 
m of i no till | the one being sine and the other j 
i, not permitting them to touch cueli other in 
it). 1 connect the two upper ends of the strip! 
mm of copper wire. Tim wire is now the eliiiiiiu 

It fur wiuii of it lieltitr tiittii#!. w«i «ill aft 4 l ol#wtri« 
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employ the eelf-aame wire to con m i 
the battery, and subject it to th« 
filings now crowd round the tmt < 
interrupt the current, and the liltngi 
the power of attraction oontinuee «<i 
wire connects the two end* of the h«i 
Here is a piece of similar wire, «»v 
to prevent the contact of it* varum* 
into a coiL I make the coil part of i 
neota the two end* of the voltaic ban 
tive force with which it lum become 
it now empties this toolltox of it* it 
covered copper wire round this room 
ing the wire with the two end* of the 
poker is instantly transformed into a s 1 
fiat spirals are here suspended faoinji 
six inches apart. .Sending a current 
rals, they clash midden ly together; 
called tiie direction of the current m 
they fly asunder. All these olivets ar 
which we name an electric current, a 
as flowing through the wire when tl 
complete. 

By the earne agent we tear asnmh 


vaporous condition, the play of this force is * 
ier masked and hidden. But as the heat is gradu 
idravn, the molecules prepare for new arrangem- 
combinations. Solid crystals of water are at ler 
ned, to which we give the familiar name of 
(king at these beautiful edifices and their inte] 
ictnre, the pondering mind has forced upon it 
stion. How are they built up? We have obtai 
ir conceptions of polar force; and we infer from 
(ken magnet that polar force may be resident in 
leealea or smallest particles of matter, and that 
i play of this force structural arrangement is possi 
butt, in relation to our present question, is the nati 
son of a mind furnished with this knowledge? I 
n polled to transcend experience* and endow the ah 
i molecules of which crystals are built with defi: 
In whence issue attractions mid repulsions. In vii 
tone forces some poles are drawn together, w. 
me retreat from each other; atom is added to at 
d molecule to molecule, not boisterously or for 
<*sly, but silently and symmetrically, and in acc< 
m with laws more rigid than those which guid 
builder when be plaees his materials togeti 
uagine the bricks and stones of tbia town of Dun 
(dewed with structural power. Imagine them attract 
id repelling, and arranging themselves into streets 
***** H innair d Halls—would not that be wonder! 
**% 1 cm wonderful is toe play of ions* hv wWh 


reversal oi xne process oi crystallization maj 
aally shown. The molecules of a piece of ice : 
taken asunder before your eyes; and from the r 
* in which they separate, you may to some ex 
er the manner in which they go together. Whe 
im is sent from our electric lamp through a plah 
ss, a portion of the beam is intercepted, and the g 
warmed by the portion thus retained within it. W 
i beam is sent through a plate of ice, a portion of 
im is also absorbed; but instead of warming the 
i intercepted heat melts it internally. It is to 
icate silent action of this beam within the ice th 
w wish to direct your attention. Upon the scree: 
own a magnified image of the slab of ice: the 1 
the beam passes freely through the ice without n 
; it, and enables us to form the image; but the 
in great part intercepted, and that heat now ap] 
df to the work of internal liquefaction. Selecting 
a points for attack, round about those points the b 
rks silently, undoing the crystalline architecture, 
Lucing to the freedom of liquidity molecules which 
m previously locked in a solid embrace. The liqu€ 
ices are rendered visible by strong illumination, 
ve- those six-petalled flowers breaking out over the w 
dace, and expanding in size as the action of the b 
itinues. These flowers are liquefied ice. Under 
ion of the heat the molecules of the crystals fall ai 
c, so as to leave behind them these exquisite foi 


nerican poet, “the atoms march in time,'' mmim 
> music of law, which thus renders the c.ommo 
^stance in nature a miracle o£ beauty. 

It is the function of science, not, as some thin!, 
'est this universe of its wonder and mystery, hut 
the case before us, to point out tin* wonder ami 
stery of common things. Those fern like forms, wi 
a frosty morning overspread your window panes, iS 
te the action of the same force. Breathe upmi sue 
1C before the fires are lighted, and reduce the *< 
stalline fdin to the liquid condition; then watch 
isequent resolidideation. You will see it. all the he 
you. look at it through a common magnifying gl, 
ter you have ceased breathing, the film, ahundo 
the action of its own forces, appears for it mom 
be alive. Lines of motion run through it; moiee 
sea with molecule, until linally the whole film pi» 
n the state of liquidity, through tins state of m.iti 
its final crystalline repose. 

I can show you something similar. Over a pier,, 
fectly clean glass L pour a little water in which t 
1 crystals have been dissolved. A him of the s< 
i clings to the glass. By means of a microscope an 
l P> aQ image of the plate of glass is thrown upon 
ien. The beam of the lamp, besides illuminating 
38, also heat® it; evaporation sets in, and ft t 
oaent whan tha »nl luttoa ....... 
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m distant nuclei in the middle of the field of 
spears shoot with magical rapidity in all direel 
i film of water on n window-pane on a frosty mo 
ihitH eiTocta quite an wonderful aa these. Latoi 
in formless solutions, latent in every drop of v 
this marvellous structural power, which only req 
withdrawal of opposing forces to bring it into actio* 
I'ho clear liquid now held up before you ia a sol 

uirate of silvern—.a eompouml of silver and nitric 

vn an electric current ia sent through thin liqui< 
er in severed from the acid, aa the hydrogen wan 
ed from the oxygen in a former experiment; a 
hi ask you to observe how the nodal behaves ' 
molecules arc thus sucecamvtdy set Iren, The i 
the cell, and of the two wires which dip intc 
id of the coll, are now clearly shown upon 
cm Let tut close the circuit, and send the eu 
mgli the liquid. From one of the wires a beai 
tsr tree commences immediately to sprout. Bnu 
die if total are thrown out, and umbrageous fc: 
b the branches. You have here a growth, a 
y m wonderful m that of any vegetable, perf 
% minute Imforts your isyei. Substituting for th 
c of silver acetate of lead, which in n couijkuiii 
t and noetic acid, the electrics current severs the 
n the acid, and yon see the inetiil ulnwly bram 
i exquisite metallic ferns, the fronds of which, as 


,y, arranges itself, under the operation of them* for 
o forms whioh rival in Issauty those of the veget 
rid. And what is the vegetable world itself but 
ult of the complex play of these molecular fori 
re, as elsewhere throughout nature, if matter tiu 
s force that moves it, and if a certain structure, vi 
le or mineral, is produced, it is through the opera 


1 forests are composed is also, for the most par 
sed in a transparent gas, which is mixed in 
mtities with the air of our atmosphere. This 
ned by the union of earlton and oxygen, a 




those turn nil ful branching forma seen in our e 
into, no do the ifiuliTiiliir attractions of the lib< 
■turn find hydrogen find eaprawitm in the aroint* 
grin wh, plants, liinl tronn. 

In tSui full of u cataract and the runh of the wi 
ve v \am ple?t of mechanical power. In the con 
in4 of chemistry and in the formation of crystal 
^rtfihles we have examples of molecular power, 
re lennonl how the atom# of oxygen and hyd 
ih together to form witter. I have not thought i 
airy to dwell iiftmi thti mighty mtietianieitl fitter 
dr net of comhiontion; hut it may lx* mid* in ju 
it the rhmtiitig together of 1 lb. of hydrogen and 
oxygen to form lbs, of uquemia vtipor in §* 
in the shock of a weight of l*tfhO !onn fulling I 
iglii of 20 feet against the earth. Now* in ord& 
* a loin n of my pen mid hydrogen should rise by 
i In ill uttrurtmini lit tho velocity corresponding fc 
firmoim mechanical efleet* a eertnin distance must 
I ween tin? partit'lim. It in tn rushing over thin th 
toe tty in nt till lied* 

Til m idea of distance between the fill meting at* 

tli« tiiglitiit itii{iortmie«* in our conception of th 
it of tin? world* f*W the matter of the world w 
bundled wider two distinct head*, atom* and mol 

iieli Itmvo already eniiihiii#i! anil thus satisfied 


cause sufficient distance intervenes between the iittr 
r atoms, and it is this atomic motion that we utilixi 
r machines. Thus we can get power out of oxy 
i hydrogen by the act of their union; but once t 
> combined, and onco the vibratory motion eonseqi 
their combination has been expended, tm furl 
ver oan be got out of their mutual attraction, 
namio agents they are dead. The materials of 
th’s crust consist for tho moat part of subs tat 
o,se atoms have already closed in chemical unio 
ose mutual attractions are satisfied. (I rani to, for 
ace, is a widely diffused substance; but granite * 
;s, in great part, of silicon, oxygen, potassium, < 
m, and aluminium, whoso atoms united long 11 
l are therefore dead. Limestone is composed of i 
1 , oxygen, and a metal called calcium, the atoms 
ich have already closed in chemical union, and 
refore finally at rest In this way wo might go o 
,rly the whole of tho materials of the earth’s cn 
l satisfy ourselves that though they were sources 
ver in ages past, and long liofore any creature 
,red on the earth capable of turning their power 
ount, they are sources of power no longer. And it 
might halt for a moment to remark on that tendeu 
prevalent in the world, to regard everything ns mi 
human use. Those who entertain this notion, h« 
Hunk, an overweening opinion of their own imp 


• mnemiutoe* arm m brave ones not to wlumper 

arid prove ions than wo had supposed. The hr 
itude of mind with reference to this subject is 
the poet, who, when asked whence came the rh< 
fully acknowledged his brotherhood with the flo 

Why thou wort thor<% O rival of tho runo I 
1 ih'Vim’ thought to link, l novor know t 
Hut in my nhuplo iguortuioo mt 
Tho mAtnmtm f»mvt»r that hi ought mo thorn 
brought you, 1 

A few exceptions to the general state of union t 
deeules of tho earth's crust -vast in relation to tt 
^al in comparison to the total store of which tin 
i residue -still remain. They constitute our 
trees of motive power. By fur tho most imp* 
these urn our beds of coal. Distance still inter 
.ween the atoms of carbon and tin use of atmosj 
ygen t across which the atoms may be* urged by 
.ttiiil attractions; and wo can utili/as the motion 
nluued. Once the carbon and the oxygen have r 
[other* so m to form carbonic acid, their mutual i 
ns are satislied; and, while they continue in thii 
ton, m dynamic agents they arc death Our wood 
estH are also sources of meehanieal energy* because 
vc the power of uniting with the atmospheric ox 
SHtng from plants to animals, we find that the t 



Le this vital gas, and bring it iuU> nuttlcieutly <> 
>ximity with the carbon and tho hydrogen of tho lx 
ese unite in obedience to their mutual attractions; 
dr motion toward each other, properly turned to 
mt by the wonderful mechanism of the body, becoi 
scular motion. 

One fundamental thought pervade* all these *t 
uts: there is one tap-root from which they alt xpri 
is is the ancient maxim that out of nothing noth 
aes; that neither in tho organic world m*r m the 
anio is power produced without the evpendttnre 
rer; that neither in the plant nor in the tutii 
re a creation of force or motion. Tree* grow, i 
do men and horse*; and here we have now pm 
issantly introduced ujxm the earth. But it* xoin 
I have already stated, i* the nun. It is the tout t 
arates the carbon from the oxygen of the earbu 
l, and thus enables thorn to recombine. Whet 
f recombine in tho furnace of the ateum engine 
the animal body, tho origin of the power they p 
e is the same. In this sense wo are nil “omit* of | 
children of the sun." But, a* remarked by He! 
tz, we must be content to share our celestial pedig 
3 the meanest of living things. 

Some estimable persons, here present, very j*o*»il 
nk from accepting these statements; they may 

htened btr Ault* Inna wtvt # * am Am* 
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>wn and avowed that the physical philosopher 
h, must be a pure materialist. His inquiries 
a matter and force, and with them alone, 
ttever be the forms which matter and force assi 
jther in the organic world or the inorganic, whc 
ihe coal-beds and forests of the earth, or in the bi 
muscles of men, the physical philosopher will r 
d his right to investigate them. It is perfectly 
attempt to stop inquiry in this direction. He] 
n it, if a chemist, by bringing the proper mate 
ither in a retort or crucible, could make a baby 
dd do it. There is no law, moral or physical, foi 
y him to do it. At the present moment there 
doubt, persons experimenting on the possibility 
lucing what we call life out of inorganic matei 
them pursue their studies in peace; it is onlj 
1 trials that they will learn the limits of their 
r ers and the operation of the laws of matter 
e. 

But while thus making the largest demand for : 
1 of investigation—while I consider science to be e 
r erful as an instrument of intellectual culture and 
istrant to the material wants of men; if you ask 
ither it has solved, or is likely in our day to sc 
problem of this universe, I must shake my hea 

Kf. Ynn omKoT* -firat "NT a ’ a sniiacH 


ion OI the prODiem. ll entirety iraumsemi* urn, 
td of man may be company] to 11 musical uisirutt 
lb a certain rang# of notes, beyond which in tmth 
■tions we have an infinitude of silemie, Tim p\wm 
i of matter and fore# lie within mar iuttdiet'tual mi 
1 as far as they reach we will at ali hn/urde push 
[nines. But behind, and above, and urmiml nil, 

1 mystery of this universe lies unsolved, and, m fa* 
are concerned, is incapable of aolutton. Ftti4tt«»§t i 
‘Stery as you will, with that I have nothing to 
t let your conception of it not be nn unworthy r 
rest that conception with your highest and Imi 
>ught, but be cartful of pretending to know in 
>ut it than is given to man to know, He mre 
>ve all things, of professing to see in the filioumii 
the material world the evidences of I Hr tun j4«mwtr« 
pleasure. Doubt those who would deduce frrnn 
; of the tower of Hilonin the linger of t,l$r Lord ngm 
Be who were crushed. Doubt equally thtme wh ■ 
,d to see in cholera, cattle*plague, and bad lutrvr 
denees of Divine anger. Doubt thuse spiritual gm 
o in Scotland have lately propoti tided the mmmir 
ory that the depreciation of railway aorij* in a em 
mm of railway travelling on Sunday*. Imi them i 
far as you are concerned, libel the system of tint 
h their ignorant hypotheses. Looking from fit# & 
las> of thought into tin# highest of questions, ami i 
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in these islands his debtor—well, I say, might 
>le old Carlyle scornfully retort on such interpret 
ways of God to men: 

The Builder of thin mdvoreo was win©* 

Ho formed all mmh , all nytComu, planeta, particles; 

The plan 1m formed hi« worlds and Mom by, 

Wa**—l taavim* I—wan thy amall nine* and-thirty articles 1 
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"While sympathizing with each of its departments, and 
supplementing his culture by knowledge drawn from all 
of them, each student among us selects one subject for 
the exercise of his own original faculty—ono lino, along 
which ho may carry the light of his private intelligence 
a little way into the darkness by which all knowledge is 
surrounded. Thus, tho geologist deals with the rocks; 
the biologist with tho conditions and phenomena of life; 
the astronomer with stellar masses and motions; tho math¬ 
ematician with tho relations of space and number; the 
chemist pursues his atoms; while the physical investiga¬ 
tor has his own largo field in optical, thermal, electrical, 
aoouidoal, and other phenomena. The British Associa¬ 
tion then, as a whole, faces physical nature on all sides, 
and pushes knowledge eentrifugally outward, the sum of 
its labors constituting what Fichte might call tho sphere 
of natural knowledge. In the meetings of the Associa¬ 
tion it is found necessary to resolve this sphere into its 
component parts, which take concrete form under the 
respective letters of our Sections. 

Mathematics and Physics have been long accustomed 
to coalesce, and hero they form a single section. No 
matter how subtle a natural phenomenon may he, whether 
w® observe it in tho region of sense, or follow it into 
that of imagination, it it in the long run reducible to 
mechanical laws. But the mechanical data onoe guessed 
or given, mathematics are all-powerful as an instrument 
of deduction, The command of Geometry over the rela¬ 
tions of space, and the far-reaching power which Analy¬ 
sis confers, are potent both as means of physical di«- 
oovery, and of reaping the entire fruits of discovery. 
Indued, without mathematics, expressed or implied, our 



nowledge of physical science would W* both irm 1 le amt 
icomplefco. 

Sido by side with the mathematical im-tlmd we have 
\e method of experiment U«rc fr-on a Parting point 
irnished by his own researches or t im-r «<i the 

lvcstigator proceeds by combining iututou, and wr ui- 
ation. Ho ponders lln* knowledge he ■ e^en, and 
'iOH to push it further; lie gu»-s*e*. an 1 eb< *•«.*< his 
uoss; ho conjectures, and confirm* »*r e\p‘.M ir-i hi* » "to 
icture. These guesses ami e«mjertm<“i nu- In so* imouw 
laps in Iho dark; for know ledge oner r&’iu-d oa-u* & 
lint light hcyund its own immediate h-nmiM u-s There 
3 no discovery so limited as not !-• ilium nui* e*»metiong 
cyond itself, The foroo of iutclhvfu.d }**•■*«■!i.iiout into 
his pemimhral region which Hurrouml« irinj! I ih.*a dge 
3 not, as some seem to think, deprndrnt op<*o m»-ih««l, 
lit upon the genius of the invr-hmU»»r, Th« re i >, h o\> 
ver, no genius Ho gifted ns m»f to need .mnlr.d and wn 
cation. The pmfourulest mind* know U-*t that Nafore h 
rays aro not at all times their wavs, and that the l.ndit 
st flashes in the world of thought are mrnmph-i*’ un:d 
hey hav© been proved to have their counterpnriH m the 
voxld of fact. Thus the vocation of the true e \ p«'nin»n 
alist may ho doll nod as the continued t*\«rri*e «*f *p.nt 
lal insight, and its ineowant correction and rinds^aiumj, 
*Iis experiments constitute a body, of w Inch his port tied 
ntuitions are, as it wore, the soul. 

Partly through mathematical and partly through ex¬ 
perimental research, physical science has, of lute years, 
issumed a momentous position in the world. Both in a 
material and in an intellectual point of vtrw it him pm* 
lucod, and it is destined to produce, imimmu© changes ~ 


ast social ameliorations, ami vast alterations in the pop¬ 
lar conception of the origin, rule, anti governance of 
atural things. By science, in tlie physical world, mir- 
i'lert are wrought, while philosophy is forsaking its an¬ 
ient metaphysical channels, and pursuing others which 
ave been opened, or indicated, by aoitmtido research. 
Huh must become more ami more the case as philosoph- 
uil writers become more deeply imbued with the meth- 
ds of science, bettor acquainted with the facts which 
uenUtio men have established, ami with the great tile¬ 
ries which they have elalx*rated. 

If you look at the face of a watch, you hoc the hour 
ml minute hands, and possibly also a second hand, moving 
vt?r the graduated dial. Why do these hands move? 
ml why are their relative motions such as they arc ob- 
ttrvod to be ? These questions cannot be answered with* 
ut opening the w a toll, mastering its various parte, and 
soertaiuing thtur relationship to each other. When this 
i done, wo Ibid that the observed motion of the hands 
nllows of necessity from the inner mechanism of the watch 
burn acted upon by the foreo invested in the spring, 
'he motion of the hands may bo called a phenomenon 
f art, but the m»j is similar with the phenomena of 
ifttura These also have their inner mechanism and 
heir tttore of force to act that mechanism going. The 
11timate problem of physical acicnoo is to reveal thin 
ucchanism, to discern this store, and to show that, from 
Ih^ eumhitied action of both, the phenomena of which 
hey constitute the basis, must, of necessity, flow. 

I thought nn attempt to give you even a brief and 
iVetohv illustration of the manner in which scientist 
hinkera regard this problem would not bo uninteresting* 
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you on the present occasion; more ©specially as it will 
ve me occasion to say a word or two on the tendencies 
id limits of modern science; to point out the region 
lich men of science claim as their own, and where it 
futile to oppose their advance; and also to define, if 
>ssible, the bourne between this and that other region, 
which the questionings and yearnings of the aoientiflo 
tellect are directed in vain. 

But here your tolerance will be needed. It was the 
merican Emerson, I think, who said that it is hardly 
issible to state any truth strongly, without apparent in- 
stioe to some other truth. . Truth is often of a dual 
aracter, taking the form of a magnet with two poles; 
.d many of the differences which agitate the thinking 
,rt of mankind are to be traced to the exclusiveness 
.th which partisan reasonem dwell upon one half of the 
Lality in forgetfulness of the other. The proper course 
pears to be to state both halves strongly, and allow 
oh its fair share in the formation of the resultant tnm- 
ction. But this waiting for the statement of the two 
ies of a question implies patience. It implies a retttdu- 
m to suppress indignation, if the statement of the one 
If should clash with our convictions*, and to repress 
ually undue elation, if th© half "Statement should hap- 
m to chime in with our views. It implies a detormina- 
>n to wait calmly for the statement of the whole, Wore 
a pronounoe judgment in the form of either acquiescence 
dissent. 

This premised, and I trust accepted, let us enter upon 
« teak There have been writers who affirmed that the 
yramids of Egypt were natural productions; and In km 
uly youth Alexander von Humboldt wrote a learned 


essay with the express objeot of refuting this notion 
Wo now regard the Pyramids as the work of men 1 
hands, aided probably by machinery of which no reoon 
remains. We picture to ourselves the swarming worker 
toiling at those vast erections, lifting the inert stones 
and, guided by the volition, the skill, and possibly a 
times by the whip of the architect, placing them in thoi 
proper positions. The blocks, in this case, were move 
and posited by a power external to themselves, and th 
final form of the pyramid expressed the thought of it 
human builder. 

Let ns pass from this illustration of construetiv 
power to another of a different kind. When a solutio 
of common salt is slowly evaporated, the water whio 
holds the salt in solution disappears, but the salt its© 
remains behind. At a certain stage of concentration th 
salt can no longer retain the liquid form; its particle* 
or molecules, as they are called, begin to deposit then 
selves as minute solids—so minute, indeed, as to defy a 
microscopic power. As evaporation continues, solidiftoi 
tion goes on, and we finally obtain, through the cluster 
ing together of innumerable molecules, a finite crystallin 
mass of a definite form. What is this form V Tt norm 
times seems a mimicry of the architecture of Egypt. W 
have little pyramids built by the salt, terrace above te 
race from base to apex, forming a series of steps reaen 
bling those up which the traveller in Egypt is dragge 
by his guides. The human mind is as little disposed 1 
look without questioning at these pyramidal salt-crystal 
as to look at the Pyramids of Egypt, without inquiriu 
whence they came. How, then, are those salt-pyramid 
built up? 


G-uided by analogy, you may, if you like, suppose 
t, swarming among the constituent molecules of the 
there is an invisible population, controlled and ro¬ 
ad by some invisible master, placing the atomic blocks 
their positions. This, however, is not the scientific 
el, nor do X think your good sense will accept it m 
ikely one. The scientific idea is that the molecules 
upon each other without the intervention of slave 
Dr; that they attract each other* and repel each other, 
jertain definite points, or poles, and in certain definite 
jetions; and that the pyramidal form is the result of 
; play of attraction and repulsion. While, then, the 
cks of Egypt wore laid clown by a, power external to 
tnselves, these molecular blocks of salt art? self-posited, 
ag fixed in their place® by the inherent forces with 
oh they aot upon each other. 

E take common salt as an illustration, because it is no 
iliar to us all; but any other crystalline mihstnucu 
ild answer my purpose equally well. Everywhere, in 
, throughout inorganic nature, we have this formative 
r er, as Fichte would call it—this structural energy 
ly to come into play, and build the ultimate par- 
38 of matter into definite shapes. The ice of our 
ters, and of our polar regions, is its handiwork, and 
also are the quarts, felspar, and mica of our rocks. 

• chalk-beds are for the most part com potted of mi nut© 
Lis, which are also the product of structural energy; 
behind the shell, as a whole, lien a more remote and 
tie, formative act, These shells w® built up of little 
stals of oalc-spar, and, to form these crystals, the 
mtural force had to deal with the intangible mole* 
es of carbonate of lime, This tendency on the part 


sume definite forms in obedience to tbe definite action of 
force, is, as I have said, all-pervading. It is in the 
ground on which you tread, in the water you drink, in 
the air you breathe. Incipient life, as it were, manifests 
itself throughout the whole of what wo call inorganic 
nature. 

The forms of the minerals resulting from this play of 
polar forces are various, and exhibit different degrees of 
complexity. Mon of science avail themselves of all pos¬ 
sible means of exploring their molecular architecture. 
For this purpose they employ in turn, as agents of ex¬ 
ploration, light, heat, magnetism, electricity, and sound. 
Polarized light is especially useful and powerful here. 
A beam of Hindi light, when sent in among the mole¬ 
cules of a crystal, is acted on by them, and from this 
action we infer with more or 1 ms clearness the manner in 
which the molecules arc arranged. That differences, for 
example, exist between the inner structure of rock-salt 
and that of crystallized sugar or sugar-candy is thus 
strikingly revealed. These actions often display them¬ 
selves in chromatic phenomena of great splendor, the 
play of molecular force being so regulated as to cause 
the removal of some of the colored constituents of white 
light, while others are left with increased intensity 
behind. 

And now let us pass from what w© are accustomed 

to regard as a dead mineral, to ft living grain of com. 
When this is examined by polarized light, chromatic 
phenomena similar to those noticed in crystals are ob¬ 
served. And why? Because the architecture of the 
grain resembles that of the crystal. In the grain also 


0 molecules are set in. definite positions, and in accord- 
ce with their arrangement they act upon the light, 
it what has built together the molecules of the corn ? 
jgarding crystalline architecture, I have already said 
at you may, if you please, consider the atoms and 
decules to be plaood in position by a Power external 
themselves. The same hypothesis is open to you now. 
it if in the case of crystals you have rejected this no* 
n of an external architect, I think you art' bound to 
ect it in the ease of the grain, and to conclude that 
3 molecules of the corn, also, arc posited by the forces 
th which they act upon each other. It would be ju>or 
ilosophy to invoke an external agent in the one ease, 
d to reject it in the other. 

Instead of cutting our grain of corn into slices and 
bjecting it to the action of polarised light, let us place 
in the earth, and subject it to a certain degree of 
rmth. In other words, let the molecules, both of the 
:n and of the surrounding earth, be kept in that state 
agitation which we call heat Under these eircum* 
nces, the grain and the substances whic.h surround it 
;eraet, and a definite molecular architecture is the re* 
It. A bud is formed; this bud roaches the surface, 
iere it is exposed to the sun’s rays, which arc also to 
regarded as a kind of vibratory motion. And ns the 
>tion of common heat, with which the grain and the 
balances surrounding it were first endowed, enabled 
e grain and these substances to exercise their mutual 
jraotions and repulsions, and thus to coalesce in defl* 
fee forms, so the specific motion of the sun’s rays now 
ablea the green bud to feed upon the carbonic acid and 
e aqueous vapor of the air. The bud appropriates 
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those constituents of both for which it has an elective 
attraction, and permits the other constituent to return to 
the atmosphere. Thus the architecture is carried on. 
Forces arc active at the root, forces are active in the 
blade, the matter of the air and the matter of the atmos¬ 
phere are drawn upon, and the plant augments in size. 
Wo have in succession the stalk, the ear, the full com 
in the ear; the cycle of molecular action being completed 
by the production of grains, similar to that with which 
the process began. 

Now there is nothing in this process which necessarily 
eludes the eonceptivo or imagining power of the human 
mind. An intellect the same in kind as onr own would, 
if only sufficiently expanded, be able to follow the whole 
process from beginning to end. It would see every mole¬ 
cule placed in its position by the specific attractions and 
repulsions exerted between it and other molecules, the 
whole process, and its consummation, being an instance 
of the play of molecular force. Givon the grain and its 
environment, with thoir respective forces, the purely hu¬ 
man intellect might, if sufficiently expanded, trace out 
& priori every step of the process of growth, and, by 
the application of purely mechanical principles, demon¬ 
strate that the cycle must end, as it is seen to end, in the 
reproduction of forms like that with which it began. A 
necessity rules here, similar to that which rules the plan¬ 
ets in their circuits round the sun. 

You will notice that I am stating the truth strongly, 
an at the beginning we agreed it should be stated. But 
I must go still further, and affirm that in the eye of 
aoienoe the animal body is just as much the product 
of molecular foroe as the chalk and the ear of corn, or 


ystal of Halt or sugar, Many of the* part* of the 
obviously mechanical. Take the human heart, 
.pie, with its system of valves, or take the ox* 
neohanism of the rye or hum!, Animal heat, 
■, is the same in kind ns tlm heat of a fire, be* 
lured by tlm same chemical process. Animat 
Loo, is as certainly derived from the food of the 
is fclio motion of Trevcthyck'n walking engine 
5 fuel in its furnace. As regards matter, tlm 
ody creates nothing; as regards foree, it creates 
Which of you by faking thought min add one 
his stature Y All that, has been said, then, m* 
the plant, may be restated with regard to the 
Kvcry particle that enters into the eomj«wition 
vc, a muscle, or a bone has been placed in it* 
by molecular force. And, unless the existence 
u these matters be denied, and the element of 
introduced, we must eonelnde that, given the 
if any molecule of the body to its environment, 
on in the body might be determined mnthemat* 
Dur dilhculty is not with the quality of the j»rot> 
witli its ro;a/)/f';nV//; and this difltmtlty might tm 
ho simple expansion of the faculties we now jhuc 
ivon this expansion, with the necessary motemi- 
and the chick might be deduced ns rigorwndy 
:)gically from the egg as the existence of Neptune 
i disturbaneos of l! ranus, or tut eon teal refraetion 
undulatory theory of light, 
see L am not mincing matter*, but avowing 
what many scientific thinkers mom or less din* 
relieve. The formation of a crystal, a plant, or 
al, is, in their eyes, a purely tueultattical r*rob« 
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as the crystal of salt or sugar. Many of tho part* of the 
body arc obviously mechanical. Take the human heart, 
for example, with its system of valves, or take the o*. 
qxiiaito mechanism of the. eye or hand. Animal heat, 
moreover, is the same, in kind ns the heat of n lire, lad¬ 
ing produced by the same chemical Animal 

motion, too, is as certainly derived front tho food of the 
animal as the motion of Trevothyek’* walking engine 
from tho fuel in its furnace. As regard* matter, thn 
animal hotly creates nothing; as regards forrr, it creates 
nothing. Which of you hy faking thought run add i»mt 
ouhit to his stature? All that luw been mud, then, re- 
garding the plant, may be restafetl with regard t«* tl»« 
animal, Kvery particle that, enters into the comjtoxtlion 
of a nerve, a muscle, or a bone has been placed in it* 
position by molecular forre. And, unless the e< mtenee 
of law in these matters be denied, and the element of 
caprice introduced, we must, conclude that, gb en the 
relation of any molecule of the hotly to its environment, 
its position ’m tho body might be determined mntheimit* 
ically. Our dilHeulty is not with the tpmUGj of the prob¬ 
lem, but with its ('oinplx'sitij; and this dtflhmlty might tm 
met by the simple expansion of the faculties wu now pos¬ 
sess. Given this expansion, with the necessary moire tt- 
lar data, and the chick might 1m duelneed m rigorously 
and as logically from the egg m the existence of Kepturm 
from the disturbances of Uranus, or tin armk?ii! refraction 
from tho undulatory theory of light. 

You sec 1 am not mincing mat tarn, but avowing 
nakedly what many scientific! thinkers nmm or lew dis¬ 
tinctly believe. Th© formation of a myataf, a plant, or 
an animal, is, in their eyes, a purely mtieltattfca! proh» 
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Jem, which, differs from the problems of ordinary mech 
ics, in the smallness of the masses, and the complexity 
of the processes involved. Here yon have one half of 
our dual truth; let us now glance at the other half. As¬ 
sociated with this wonderful mechanism of the animal 
body we have phenomena no less certain than those of 
physics, but between which and the mechanism we dis¬ 
cern no necessary connection. A man, for example, can 
say, “I feel,” “I think,” “I love”; but how does con¬ 
sciousness infuse itself into the problem? The human 
brain is said to be the organ of thought and feeling: 
when we are hurt, the brain feels it; when we ponder, 
or when our passions or affections are excited, it is 
through the instrumentality of the brain. Let us en¬ 
deavor to be a little more precise here. I hardly imag¬ 
ine there exists a profound scientific thinker, who has 
reflected upon the subject, imwilling to admit the ex¬ 
treme probability of the hypothesis, that for every fact 
of consciousness, whether in the domain of sense, 
thought, or emotion, a definite molecular condition, of 
motion or structure, is set up in the brain; or who 
would be disposed even to deny that if the motion, or 
structure, be induced by internal causes instead of ex¬ 
ternal, the effect on consciousness will be the same? Let 
any nerve, for example, be thrown by morbid action into 
the precise state of motion which would be communicated 
to it by the pulses of a heated body, surely that nerve 
will declare itself hot—the mind will accept the subject¬ 
ive intimation exactly as if it were objective. The retina 
may be excited by purely mechanical means. A blow on 
the eye causes a luminous flash, and the mere pressure of 
the finger on the external ball produces a star of light, 
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which Newton compared to the oindt* on n pic-wok's 
tail. Diseaso makes people see visions ami drtmm 
dreams; hut, in all such ruses, could wt» exaniin# the 
organs implicated, we should, on plulo*ophioat grounds, 
expect to find them in that precise m.deeulnr ctmdstion 
which the real objects, if present, would miperioduce, 

The relation of physics to ©ouseiutismow being thus 
invariable, it follows that, given the slate of the bruin, 
the corresponding thought or feeling might be inferred; 
or, given the thought, or feeding, the currcspiidiuii state 
of. the brain might he inferred. But how inferred? It 
would bo at bottom not a ease of log leal inference ut all, 
but of empirical association. You may reply that tmmy 
of the inferences of science are of this efmraeter the in¬ 
ference, for example, that an electric mirreut, of » given 
direction, will deflect a magnetic needle m a definite way. 
Nut the cases diller in this, that the passage from the 
current to the needle, if not demonstrable, m conciuv* 
able, and that we entertain no doubt as to the final me¬ 
chanical solution of the problem, Bui the passage from 
the physics of the brain to the corresponding of 

consciousness is inroncoivablo as a result of uuvlmtm 
Granted that a definite thought, and a definite molecular 
action in the brain, occur sirnultarumusly; wn do not f^oa- 
sess the intellectual organ, nor apparently tiny rudiment 
of the organ, which would cmablo us to pa**, by a 
process of reasoning, from the one to thu other. They 
appear together, but wo do not know why. Won* mtr 
minds and senses so expanded, ftreugthined, &»tl Itlumi* 
Bated, as to enable us to see and feel the v#ry 
of the brain; were wo capable of following all ihutr wo 
tions, all their groupings, all their eleotrle iiitiltiirpit, If 
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ucli there be; and were we intimately acquainted with 
he corresponding states of thought and feeling, we 
hould be as far as ever from the solution of the prob- 
m, “How are these physical processes connected with 
he facts of consciousness?” The chasm between the 
wo classes of phenomena would still remain intellect¬ 
ually impassable. Let the consciousness of love, for ex¬ 
ample, be associated with a right-handed spiral motion of 
he molecules of the brain, and the consciousness of hate 
with, a left-handed spiral motion. We should then know, 
vhen we love, that the motion is in one direction, and, 
vhen we hate, that the motion is in the other; but the 
‘WHY?” would remain as unanswerable as before. 

In affirming that the growth of the body is mechan- 
cal, and that thought, as exercised by us, has its cor¬ 
relative in the physics of the brain, I think the position 
)f the “Materialist” is stated, as far as that position is 
i tenable one. I think the materialist will be able finally 
\o maintain this position against all attacks; but I do not 
;hink, in the present condition of the human mind, that 
le can pass beyond this position. I do not think he is 
mtitled to say that his molecular groupings, and motions, 
jxplain everything. In reality they explain nothing, 
rhe utmost he can affirm is the association of two classes 
>f phenomena, of whose real bond of union he is in ab¬ 
solute ignorance. The problem of the connection of body 
md soul is as insoluble, in its modem form, as it was in 
fche pre-scientific ages. Phosphorus is known to enter 
into the composition of the human brain, and a trench¬ 
ant German writer has exclaimed, “Ohne Phosphor, kein 
Gedanke!” That may or may not be the case; but even 
if we knew it to be the case, the knowledge would not 


FRAGMENTS OF ftntFNCR 


% 

lighten our darkness. On belli aide* ».f th*- v.one Imre 
assigned to the materialist hr is eqmthv l.riplr**. |f yutt 
ask Mm whence is thin “ Matter'' of whirls wr bv.' been 
discoursing-—who or wlmt divided it inf** mo!*vuh- - >, win* 
or what impressed upon them this nereis?, *<f niwuiu- 
into organic forms lit* has no imswrr. N’i* uei- u uiuir 
in reply to these questions. Hut if lit* - nmteriaiuii s • »-*ut 
founded and science rendered dunth, wh*» e’.*e 3 » ptepai• d 
with a solution? To whom has this ana • *! fit** Lord 
heon revealed? Let us lower our heads, and a. un.nvl 
edge our ignorance, priest and phiUo»qdirr, on** and uli. 
Perhaps the mystery may resolve itself mi** L u**v, !*•>»{/«* 
at some future day. The prorexs of thimr* nj <«?* tie s 
earth has boon emo of amelioration, li in u h*n^ «i»i 
from the Iguanodon and his eimternporairb 1 t«» the 1'ivsi- 
dont and Members of the. Uritish An.*oeia*inn. Ami 
whether wo regard the improvement from the ^leuf die 
or from tlm theologie.nl point of view an the rnmll * if 
progressive development, or of min’r^n «* inhibition* of 
creative energy—neither view entitles ns t«» nr.inu. - that 
man’s present .faculties tmd the series, that the pr* »»*«*«« «*f 
amelioration ends with him. A time may therefore rotue 
when this 'ultra-sciontilia region, hy wlueh we are now 
enfolded, may offer itself to terrestrial* if not to limuitn, 
investigation. Two-thirds of the rays emitted by tin* nun 
fail to arouse the sense of visum. The rays eitint, but 
tho visual organ requisite! for their trumdutnm into light 
does not exist. Ami ho from this region of diirhiiesn and 
mystery which surrounds us, rays may now be darting 
which require hut tho development id the pmjier intel¬ 
lectual organs to translate them into knowledge m far 
surpassing ours, as ours surpasses that of tho wallowing 
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sptiles which once held possession of this planet. Mean¬ 
while the mystery is not without its nses. It certainly 
lay be made a power in the human soul; bnt it is a 
ower which has feeling, not knowledge, for its base. It 
lay be, will be, and I hope is turned to account, both 
1 steadying and strengthening the intellect, and in rescu- 
ig man from that littleness to which, in the struggle for 
xistence, or for precedence in the world, he is contin- 
ally prone. 


Musings on the Matterhorn , July 27, 1868 
Hacked and hurt by time, the aspect of the mountain 
:om its higher crags saddened me. Hitherto the impres- 
lou it made was that of savage strength; here we had 
lexorable decay. But this notion of decay implied a 
sference to a period when the Matterhorn was in the 
ill strength of mountainhood. Thought naturally ran 
ack to its remoter origin and sculpture. Nor did 
lought halt there, but wandered on through molten 
r orlds to that nebulous haze which philosophers have 
sgarded, and with good reason, as the proximate source 
f all "material things. I tried to look at this universal 
loud, containing within itself the prediction of all that 
as since occurred; I tried to imagine it as the seat of 
lose forces whose action was to issue in solar and stellar 
ystems, and all that they involve. Did that formless 
ig contain potentially the sadness with which I regarded 
le Matterhorn? ' Did the thought which now ran back to 
; simply return to its primeval home? If so, had we 
ot better recast our definitions of matter and force; for, 

: life and thought be the very flower of both, any defi- 
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aition which, omits life and thought must \m inadequate, 
if not untrue. Are questions like these warranted? 
Why not? If the final goal of man Ima not been yet 
attained; if hie development lms not been yet arrestod, 
who can say that such yearning* and questionings are 
not ncccBHary to the opening of a flimr vision, to the 
budding and the growth of diviner power*V Whim I 
look at the hoavenH ami the earth, ut my own body, 
at my strength and weakness, even ut these jwunionnga, 
and ask myself, la there no being or thing in the uni¬ 
verse that knows more about these matter* than I do; 
what is my answer? Supposing our theologies scheme* 
of creation, condemnation, and redemption to bn dimii- 
patod; and the warmth of denial which they ©smite, and 
which, as a motive force, can match tit© warmth of af¬ 
firmation, dissipated at the same time; would the mule* 
fleeted human mind return to tint meridian of absolute 
neutrality as regards those ultm-phyaioal question* ? la 
such a position one of stable equilibrium ? The channels 
of thought being already formed, such am the queationa, 
without replies, which could run athwart mmmunmMM 
during a ten minutes* halt upon the weathered oreat of 
the Matterhorn. 



Self-reverence, self-knowledge, self-control, 

These three alone lead life to sovereign power. 

Yet not for power (power of herself 
Would come uncalled for), but to live by law, 

Acting the law we live by without fear; 

And, because right is right, to follow right 

Were wisdom in the scorn of consequence.— TekkysoK. 


VII 

AN ADDRESS TO STUDENTS 1 

T HERE is an idea regarding the nature of man 
which modern philosophy has sought, and is still 
seeking, to raise into clearness; the idea, namely, 
of secular growth. Man is not a thing of yesterday; nor 
do I imagine that the slightest controversial tinge is im¬ 
ported into this address when I say that he is not a 
thing of 6,000 years ago. Whether he came originally 
from stocks or stones, from nebulous gas or solar fire, I 
know not; if he had any such origin, the process of his 
transformation is as inscrutable to you and me as that of 
the grand old legend, according to which “the Lord God 
formed man of the dust of the ground, and breathed into 
his nostrils the breath of life; and man became a living 
soul.” But, however obscure man’s origin may be, his 
growth is not to be denied. ' Here a little and there a 
little added through the ages have slowly transformed 
him from what he was into what he is. The doctrine 
has been held that the mind of the child is like a sheet 


1 Delivered at University College, London, Session 1868-69. 
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of white paper, on whioh by education w® can write 
wliat characters we please. This dextrine twmredly 
needs qualification and correction. In physics, when an 
external force is applied to a body with a view of 
affecting its inner texture, if wo wish to predict the re- 
suit, we must know whether the external force conspire* 
with or opposes the internal forces of the body itself; 
and in bringing the influence of education to bear upon 
the new-born man Ids inner powers also must be token 
into account, lie comes to us as a bundle of inherited 
capacities and tendencies, labelled “from the indefinite 
past to the indefinite future"; and he makes his transit 
from the one to the other through tho education of the 
present time. The object of that education is, or ought 
to bo, to provide wise exercise for Ida capacities, wise 
direction for his tendencies, and through this exorcise 
and this direction to furnish his mind with unels know)* 
edge as may contribute to the UHcfu Incas, the tmauty, and 
the nobleness of bis life. 

How is this discipline to be secured, ltd* knowledge 
imparted? Two rival methods now solicit alientimi—th« 

one organized and equipped, tho labor of centuries hav¬ 
ing been expended in Imaging it to ito present ulitto of 
perfection; the other, mom or loss chaotic, bin becoming 
daily less so, and giving signs of enormous power, both 
as a source of knowledge and tut n means of discipline. 
Theso two methods are the oWimud and the iicieiitiflii 
method. I wish they were not rivals; it m only bigotry 
and short-sightedness that make them so; for assuredly 
it is possible to give both of them fair play. Though 
hardly authorized to express an opinion upon the sub. 
ject, I nevertheless hold tho opinion that tho proper 
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study of a language is an intellectual discipline of tlie 
liigliest kind. If I except discussions on the compara¬ 
tive merits of Popery and Protestantism, English gram¬ 
mar was the most important discipline of my boyhood. 
The piercing through the involved and inverted sen¬ 
tences of “Paradise Lost”; the linking of the verb to its 
often distant nominative, of the relative to its distant an¬ 
tecedent, of the agent to the object of the transitive verb, 
of the preposition to the noun or pronoun which it gov¬ 
erned, the study of variations in mood and tense, the 
transpositions often necessary to bring out the true gram¬ 
matical structure of a sentence—all this was to my young 
mind a discipline of the highest value, and a source of 
unflagging delight. How I rejoiced when I found a great 
author tripping, and was fairly able to pin him to a cor¬ 
ner from which there was no escape! As I speak, some 
of the sentences which exercised me when a boy rise to 
my recollection. Por instance, “He that hath, ears to 
hear', let him hear”; where the “He” is left, as it were, 
floating in mid-air without any verb to support it. I 
speak thus of English because it was of real value to me. 
I do not speak of other languages because their educa¬ 
tional value for me was almost insensible. But knowing 
the value of English so well, I should be the last to 
deny, or even to doubt, the high discipline involved in 
the proper study of Latin and Greek. 

That study, moreover, bas other merits and recom¬ 
mendations. It is, as I have said, organized and sys¬ 
tematized by long-continued use. It is an instrument 
wielded by some of our best intellects in the education of 
youth; and it can point to results in the achievements 
of our foremost men. What, then, has science to offer 
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which is in the least degree likely to compete with «ueh 
a system? I cannot better reply than by recurring to the 
grand old story from which I have already quoted. Bjmak- 
ing of the world and all that therein in, of this *ky anti the 
stars around it, the ancient writer nays, "And Clod raw all 
that He had made, and behold it was very good." it in 
the body of things thus described which ncimice offers to 
the study of man. There in a very renowned argument 
much prized and much quoted by theologians, in which 
the universe is compared to a watch. Let ua deal prueti* 
cally with this comparison. Supplying a watch-maker, 
having completed his instrument, to bo wo satisfied with 
his work as to call it very good, what would you under* 
stand him to moan? You would not mipjmmi that ho ro» 
ferred to the dial-plate in front ami this chasing of thtt cane 
behind, so much as to the wheels and pinions, the Mprings 
and jowollcd pivots of tho works within—to tluuin epudb 
ties and powers, in short, which enable the watch to per- 
form its work as a keeper of time. With regard to tho 
knowledge of such a watch he would bo a mere ignoramus 
who would content himself with outward inspection. I do 
not wish to say one severe ward hero to-day, but I fear 
that many of those who are very loud m their praise of 
the works of the Lord know them only in thin cnitnidc and 
superficial way. It is tho inner work# of the universe 
which science reverently uncovers; It m the utrniy of them* 
that she recommends as a discipline worthy of til aneeep* 
tation. 

The ultimate problem of phyiies is to reduce matter by 
analysis to its lowest condition of divisibility, and forms 
to its simplest manifestations, and toon by synthesis to 
construct from these element! the world an it standa, We 
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aro still a long way from tlie final solution of tins prob¬ 
lem; and whon the solution comes, it will be more one of 
spiritual insight than of actual observation. But though 
we are still a long way from this complete intellectual mas¬ 
tery of nature, wo have conquered vast regions of it, have 
learned thoir polities and the play of their powers. We 
live upon a ball of 8,000 miles in diameter, swathed by 
an atmosphere of unknown height. This ball has boon 
molten by heat, chiliad to a solid, and sculptured by water. 
It is made up of substances possessing distinctive proper¬ 
ties and modes of action, which offer problems to Iho 
intellect, some profitable to the child, others taxing the 
highest powers of the philosopher. Our native sphere 
turns on its axis, and rovolvos in space. It is one of a 
band which all do the same. It is illuminated by a sun 
which, though nearly a hundred millions of miles distant, 
can be brought virtually into our closets and there sub¬ 
jected to examination. It has its winds and clouds, its 
rain and frost, its light, heat, sound, electricity, and mag¬ 
netism. And it lias its vast kingdoms of animals and 
vegetables. To a most anm/.ing extent the human mind 
has conquered these things, and revealed the logic which 
runs through them. Were they facts only, without logical 
relationship, science might, as a means of discipline, suffer 
in comparison with language. But the whole body of 
phenomena is instinct with law; the facte are hung on 
principles, and the value of physical science as a means 
of discipline consists in the motion of the intellect, both 
inductively and deductively, along the lines of law marked 
out by phenomena. As regards the discipline to which I 
have already referred as derivable from the study of lan¬ 
guages-—that, and more, is involved in the study of phys- 
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ical science. Indeed, T believe it would 
limit and arrange the study of a porta 
to render the mental exercise involved in 
tatively the same as that involved in the 
language. 

I have thus far confined myself to the 
ual side of this question. Hut man is m>t 
he were so, science would, 1 believe, be 
ment. But he feels as well as thinks; h 
the sublime and beautiful as well as of tl 
I believe that oven the intellectual act it 
man is, consciously or unconsciously, sus 
dercurront of the emotions. It is vain t» 
arate the moral and emotional from the 
a man but observe himself, and ho will, 
find that, in nine cases out of ten, the en 
the motive foreo which pushes his intel 
The reading of the works of two men, ne 
bued with tho spirit of modern seienee - 
indeed, friendly to that spirit—has plaeed 
These men are the English Carlyle an 
Emerson. I must ever gratefully remem 
three long cold (Jarman winters Carlyle | 
tub, oven when ice was on its surface, 
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all my consequent intellectual action 
this purely moral source. To Carlyl 
ought to add Fichte, the greatest rep: 
idealism. These throe unscientific mer 
tical scientific worker. They called oui 
ened to the summons, taking the liberl 
termining for myself the direction w! 
take. 

And I may now cry “Act!” but tin 
must be yours. I may pull the trigger 
not charged there is no result. Wo 
intellectual world as little as in the j 
remove obstacles, and render latent ca 
we cannot suddenly change the nature < 
birth” itself implies the pre-existence o 
requires not to be created but brought 
by any amount of missionary labor sud< 
savage into the civilized Christian. Ti 
man is secular —not the work of an houi 
though indubitably bound by our orgi 
knows what the potentialities of any hu 
requiring only release to be brought into 
in the mineral world certain crystals— 
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died—tho proper word to ho Hi«*k« u to miiovo 11 
t, and to render you conscious of lijrht and wuti 
bin yourselves and source of both to others. 

The circle of human nature, then, is not enrnpleto wi 
the are of tho emotions. The lilies of the field h; 
Mine for ns beyond their hotanind one. n < ' 
itening of the heart accompanies the declaration t 
.donum in all his glory was not arraied like one 
se.” Tho sound of the village hell has a value bey. 
acoustical one. The setting sun has a mibm beyond 
deal one. r l’ho starry heavens, ns \on know, had 
tnannel Kant a value heyoiul their astronomical « 
lank it very desirable to keep this h«>ri»»n of the ei 
ns open, and not to permit either priest or phtlnsop 
drawdown his shutters between you and u, !!■ re 
id languages, which are sure to la* Swmteu by sen* 
the purely intellectual tight, have an irresistible ela 
oy supplement the work of seienee by exalting 
ining tho uisthetio faculty, and must on this noetotni 
jrishod by all who desire to see human culture emnpli 
cro must bo a reason for th« fascination which tl 
Lguagos have so long exercised upon powerful and 
ted minds—a fascination which will probably emiti 
• men of Greek and Unman mold to the end of thin 
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which a decision might be based being ab 
cipline of suspending the judgment is a < 
science, but not so common as it ought t 
I walked down Eegent Street some time i 
of great gifts and acquirements, discussing 
ous theological questions. I could not a< 
of the origin and destiny of the universe, 
pared to enunciate any definite views of 
turned to me at length and said, 4 ‘You su 
a theory of the universe.” That I should 
another have solved this mystery of m; 
to my friend a matter of course. “I ha 
theory of magnetism” was my reply. We 
to wait. We ought assuredly to pause bef< 
the advances of those expounders of the ^ 
men, who offer us intellectual peace at t 
of intellectual life. 

The teachers of the world ought to be its 
for the present at all events such men n 
trust. By the fulness and freshness of * 
and utterances they must awaken life i: 
hopes and terrors which influenced our fatl 
away, and our trust henceforth must resl 
strength of man’s moral nature. And hex 
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deal with conceptions which science xlm 
the illustrator and interpreter of that 1 

“Jc'hmnh, *t“v*\ «*i 


has hitherto filled and strengthened the h 
Let mo titter one practical word in 
care of your health. There have lieni u 
attention to thin point might have risen 0 
might have made great disco verity* writt 
commanded armies, or ruled states, hut 
neglect of this point have come in nothin* 
cules as oarsman in a rotten hunt; wltnf 
but by the very force of his stroke expo 
his craft? Take care then of the tnnhei 
and avoid all practices likely to intmtltn 
dry rot among them. And this m not in 
by desultory or intermittent efforts iff the 
formation of habits. The wilt no doubt I 
put forth its strength in order to crush t 
tation, But the formation of right habit 
your permanent security. They dimitt it 
of falling when assailed, and they augme 
of recovery whoa overthrown. 


If thou wcmld’st know the mystic 
C&iwiied wk«n the sphere was y< 
Aloft, abroad, the poan swells, 

0 wise man hear'at thou halt it tc 
To fee open mr It lings 
Tim early genesis of things; 

Of tendency through endless ages 
Of atar-dutt and star pilgrimages, 
Of rounded worlds, of «|«ie© and t 
Of the old floods* subsiding slime, 
Of r.homle matter, force and form, 
Of poles ami powers, cold, wot, ai 
The rnihing metamorphosis 
XHssolving all that fixture Is, 
Melt* thingf that bo to things tha 
And wild nature to * drewm^Ki 

Wm wdr* tin Oeit dir nor ?oa utev 
Jm Krefai das Ail am Finger laufen 1 
Ihm fdomt’s, die Welt bn Tnnem an 
JT&tur In Sleh, Blob In JSTatur »u l*eg 


VIII 

scientific us m of tub ixao: 

♦^Lastly, physical Investigation, more than anythii 
m the aetmd value and right use of the lmftfttaaikja-"-« 
which, left to ramble uncontrolled, leads uh astray intc 
$m and ornra, a land of miata and ahadewit; but whi< 
experience ami reflection, becomes the uobfot attriln 
poetic gmethm, the hnttrmntmt of discovery In Sokmee, 
Nwwtou would never have invited fluxions* not 6 
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indirectly the intellect and will, I took wit 
works, comprising two volumes of poetry, Go* 
benlehre,” and the work on “Logie" roecntl 
by Mr. Alexander Bain. In Goethe, so nob! 
I chiefly noticed the self-inflicted hurts of g 
broke itself in vain against the philosophy 
Mr. Bain I found, for the most part, burned a) 
shining generally with a dry light, hut exhibit 
a flush of emotional strength, which prove* 
logiians share the common tiro of humanity 
estod mo most when he became the mirror of i 
dition. Noithor intellectually nor socially is 
man to bo alone, ami the sorrows of thougl 
patiently borne when we find that they hat 
porieneod by another. From certain pauui 
book I could infer that Mr. Bain w«u* no strut 
sorrows. 

Speaking for example of the with of intoll 
which wo all from time to time oxperienet 
says: “The uncertainty where to hark for tit* 
ing of discovery brings the pain of conflict and 
of indecision.” These wort Is have in them t! 
of personal experience. The action of the in 
periodic. lie grapples with a subject of intiti 
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ditions that I had to equip myself for 
ordeal that are now come. 

The disciplines of common life are, i 
oises in the relations of space, or in the 
of bodies in space; and, by such exercises 
is, to some extent, prepared for the race 
conceptions. Assuming this preparation 
wish gradually grew within me to true 
you to trace, soma of the more occult fr 
tions of Light and Color, I wished, if 
you beyond the boundary of mere of 
region where thing® are intellectually « 
show you there the hidden mechanism 

But how are those hidden things to b 
losophers may bo right in affirming tha 
scend experience: wo can, at all events 
way from its origin. We can magnify, 
and combine experiences, so as to rendat 
poses entirely new. In explaining sen 
w© habitually form mental images of ' 
There are Tories even in science who rt 
as a faculty to be feared and avoided 
ployed. They have observed its action 


112 


fragments or mmmM 


tions. Out of the facta of chemistry 1 
imagination of Dalton formed the atomic 
•was richly endowed with the imnginativi 
with I'araday its exercise was incessant, 
companying and guiding all his exj 
strength and fertility us a discoverer is 
in great part to tho stimulus of his itnnj, 
tide men fight shy of the word booau 
scientific connotations; hut tho fact is, tl 
exercise of this power, our knowledge c 
be a more tabulation of co-existences mid 
should still boliuvo in the sneeession of di 
summer and winter; hut the conception 
vanish from our universe; causal rehitim 
pear, and with, them that solemn* which 
the parts of nature to an organic whole. 

I should like to illustrate by a few < 
the use that scientific men have already 
power of imagination, and to indicate id! 
the further uses that they are likely to u 
us begin with tho rudimentary experience 
falling of heavy rain-drops into a trump 
drop as it strikes the water becomes a ce 
ance, from which a series of ring-ripples « 
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lin’s, the tick of the drop is heard. N< 
impulse is propagated, not at the rate of 
rate of 4,700 feet a second. In this case i 
ity, but the elasticity of the water that 
Every liquid particle pushed against its 
up its motion with extreme rapidity, i 
propagated as a thrill. The incompresj 
as illustrated by the famous Florentine 
measure of its elasticity; and to the £ 
property, in so high a degree, the rapi< 
a sound-pulse through water is to be asc 
But water, as you know, is not necei 
duction of sound; air is its most comm< 
you know that when the air possesses tl 
sity and elasticity corresponding to th 
freezing water, the velocity of sound ii 
a second. It is almost exactly one-fourt 
in water; the reason being that though t 
of the water tends to diminish the veloci 
molecular elasticity of the liquid far mor 
the disadvantage due to weight. By var 
we can compel the vibrations of the air 
selves; we know the length and frequenc; 
waves, and we have also obtained great 
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In the phenomena of sound, we travel 
from downright sensible experience. Sti 
tion is to some extent exercised. The boc 
ample, cannot see the condensations and 
the waves of sound. We construct them 
we believe as firmly in their existence as 
air itself. But now our experience is to b 
new region, where a new use is to be made 
mastered the cause and mechanism of soui 
know the cause and mechanism of light, 
tend our inquiries from the auditory to 1 
There is in the human intellect a power < 
might almost call it a power of creation—w 
into play by the simple brooding upon fac 
of the spirit brooding over chaos may ha 
experience of this power. In the case now 
manifested itself by transplanting into spa 
poses of light, an adequately modified form 
ism of sound. We know intimately whe 
ity of sound depends. When we lessen 
the aerial medium, and preserve its elastic 
augment the velocity. When we heightei 
and keep the density constant, we also aug 
ity. A small density, therefore, and a gre 
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Let us then carry our results from the w< 
into the world of sense, and see whether ( 
do not issue in the very phenomena of ligl 
nary knowledge and skilled experiment re-v 
the multiplied varieties of these phenom< 
those.of the most remote and entangled de 
fundamental conception always brings us fa< 
the truth; if no contradiction to our dedu< 
be found in external nature, but on all si 
and verification; if, moreover, as in the a 
Befraction and in other cases, it actually fc 
attention phenomena which no eye had pi 
and which no mind had previously imagine< 
eeption must, we think, be something moi 
figment of the scientific fancy. In forming 
posite and creative power, in which reason 
tion are united, has, we believe, led us ini 
less real than that of the senses, and of wl 
of sense itself is the suggestion and, to a gr 
outcome. 

Far be it from me, however, to wish h 
movably in this or in any other theoret 
With all our belief of it, it will be wel 
theory of a luminiferous ether plastic a 
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anything. What in your warrant T<u 
Simply and solely this: your fellow-ei 
if they were reasonable; the hypothesis' 
more, accounts for the facts. To take 
pie: you believe that our President is i 
Why? There is no known method o 
which any one of us can apply hiutsc 
any other, so as to demonstrate coincide 
possession of reason. If, therefore, yo 
dent to be reasonable, it is because In 
were reasonable. As in the case of tin 
“<m if' you cannot go. Nay, I show! 
close comparison of the data on which 1 
caused many respectable persons to 
ether had the best of it. 

This universal medium, this light-ct 
is the vehicle, not the origin, of waven 
and transmits, but it does not create, 
derive the motions it conveys? For t 
luminous bodies. By the motion of a 
do not mean its sensible motion, such 
candle, or the shooting out of rod pro 
limb of the sun. I mean an intestine n 
or molecules of the luminous body. 
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.ecules accept, without hesitation, the Undulatory r 
of Light. Like you and me, they one and all be! 
an ether and its light-producing waves. Let us 
>r what this belief involves. Bring your imaginat 
e more into play, and figure a series of sound wi 
nng through air. Follow them up to their ori 
what do you there find ? A definite, tangible, vil 
body. It may be the vocal chords of a human be 
lay be an organ-pipe, or it may be a stretched str 
Low in the same manner a train of ether-waves to t 
rce; remembering at the same time that your eth( 
ter, dense, elastic, and capable of motions subject 
determined by, mechanical laws. What then do 
ect to find as the source of a series of ether-wa^ 
c your imagination if it will accept a vibrating ] 
e proportion—a numerical ratio in a state of osc 
L ? I do not think it will. You cannot crown 
ice with this abstraction. The scientific imaginat 
ch is here authoritative, demands, as the origin 
se of a series of ether-waves, a particle of vibra 
ter quite as definite, though it may be excessr 
ute, as that which gives origin to a musical soi 
h a particle we name an atom or a molecule. I tl 
intellect, when focused so as to give definition witl 
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waves generated in the ether by the 
luminous bodies are of different hrngfc 
The amplitude is the width of twin* 
particles of the waves. In water-wav< 
height of the crest above the trough, 
the wave is the horizontal distance be 1 
tive crests. The aggregate of wave* < 
may be broadly divided into two elr 
competent, the other incompetent, to 
the light-producing waves differ marl 
selves in size, form, and force. The U 
of these waves is about twice that of % 
amplitude of the largest is probably a 
of the smallest Now the force of ej 
which, expressed with reference to nr 
intensity of the light, is proportional U 
amplitude. Hence, the amplitude heir 
the energy of the largest lightgivin- 
ten-thousandfold that of the smalkmt 
probable. I use these figures not will 
ical accuracy, but to give you definite 
ences that probably exist among the 
And if we take the whole range of i 
account— its non-visual as well m v 
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or the sulphide of carbon, all the wave* 
the smallest ones most. This furnishes 
rating the different classes of waves fr 
other words, of analyzing the light. £ 
fracting prism, the waves of the sun a 
different degrees from their direct course 
violet most. They are virtually pulled 
paint upon a white screen placed to 
solar spectrum. 1 ’ Strictly speaking, 
braces an infinity of colors; but the 1 
and of our powers of distinction, cans* 
into seven segments: red, orange, ye 
indigo, violet. These are the seven pr 
colors. 

Separately, or mixed in various pro 
waves yield all the colors observed ir 
ployed in art. Collectively, they give 
of whiteness. Pure unsifted solar lighl 
all the wave-constituents of such light 
same proportion, the light, though dii 
sity, will still be white. The whiteness 
sun shining upon it is barely tolerable 
same snow under an overcast firmam 
Such a firmament enfeebles the light t 


120 


FRAG VESTS OF SC It'S 


It "will be understood that the coin 
would fail if all the waves wore dimini 
the same absolute quantity. They ntu 
portionately , instead of equally. If by 
tion the waves of red light are split 
then, to preserve the light white, the 
orange, green, and blue, must also 1 
halves. In short, the reduction must 
absolutely equal quantities, but by equ 
In white light the preponderance, an 
the larger over the smaller waves in 
mense. Were the ease otherwise, the 
bluc^ of the smaller waves wnuld have 
our sensations. 

Not only are the waves of ether n 
by solids, and by liquids, but when th 
air to dense, or from dense air to 1 ip i 
wave-motion is always reflected. N<e 
changes continually in density from i 
will help our conceptions if we regard 
a series of thin concentric layers, or 
shell being of the same density throiq 
sudden change of density occurring in 
to shell Light would bo reflected at t 
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is dispersed in space. Light thus reflected can 
refore, he the light of the sky. 

But, though the sun’s light is not reflected in 
lion from the aerial layers to the earth, there is 
ritable evidence to show that the light of our firman 
cattered light. Proofs of the most cogent descrip 
Id be here adduced; but we need only consider 
receive light at the same time from all parts of 
lisphere of heaven. The light of the firmament co 
us across the direction of the solar rays, and e 
inst the direction of the solar rays; and this lal 
opposing rush of wave-motion can only be due to 
mud of the: waves from the air itself, or from sc 
ig suspended in the air. It is also evident that, un 
action of clouds, the solar light is not reflected by 
in the proportions which produce white. The 
slue, which indicates an excess of the shorter wa 
accounting for the color of the sky, the first qmes 
gested by analogy would undoubtedly be, Is not 
blue ? The blueness of the air has, in fact, been g 
i solution of the blueness of the sky. But how, il 
be blue, can the light of sunrise and sunset, w 
re Is through vast distances of air, be yellow, ora 
even red? The passage of white solar light thrc 
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By the scientific use of the imaginatiot 
to penetrate this mystery. The doud ta 
size on the part of the waves of ether, In 
all alike. It exercises no selective action, 
of this may be that the cloud particle a 
comparison with the waves of ether, as to 
indifferently. A broad cliff reflects an At 
easily as a ripple produced by a seabird's 
the presence of large reflecting surface*, tli 
ferences of magnitude among the waves 
disappear. But supposing the reflecting p* 
of being very large, to be very small in e* 
the size of the waves. In this cast*, instem 
* wave being fronted and thrown hack, a sma 
is shivered off. The great man* of the wa 
such a particle without reflection. Scatter, 
ful of such minute foreign particle* in 01 
and set imagination to watch their action 
waves. Waves of all sizes impinge wj»on 
and you see at every collision a portion of 
wave struck off; all the waves of the sjwel 
extreme red to the extreme violet, taring lit 
Remembering that the red waves stan 
much in the relation of billow* to rinnl« 
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A pebble, placed in the way of the ring-ripj 
by heavy raindrops on a tranquil pond, will s 
fraction of each ripple, while the fractional ps 
wave thrown back by the same pebble mig 
tesimaL Now we have already made it clear 
that to preserve the solar light white its ©oi 
portions must not be altered; but in the ac 
performed by these very small particles the 
are altered; an undue fraction of the smaller v 
tered by the particles, and, as a consequence 
tered light, blue will be the predominant 
•other colors of the spectrum must, to som 
associated with the blue. They are not abs 
cient. We ought, in fact, to have them all, 
ishing proportions, from the violet to the rec 
We have here presented a case to the imag 
assuming the undulatory theory to be a reali 
I think, fairly reasoned our way to the con 
were particles, small in comparison to the size 
waves, sown in our atmosphere, the light 
those particles would be exactly such as w 
our azure skies. When this light is anah 
colors of the spectrum are found, and they 
•the proportions indicated by our conclusion. 
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appear yellowish. But as the huh sinks 
zon the atmospheric distances increase, ni 
the number of the scattering particles. f J 
succession the violet, the indigo, the blu< 
turb the proportions of green. The trails 
der such circumstances must pass from 
orange to red. This also is exactly what 
ure. Thus, while the reflected light gives 
deep azure of the Alpine skies, the traiism 
us at sunset the warm crimson of the Alpi 
phenomena oertainly occur as \f our atti 
medium rendered slightly turhid by the 
pension of exceedingly small foreign parti 
Here, as before, we encounter our sc 
It is one of the parasites of science, evi 
ready to plant itself and sprout, if it oa 
points of our philosophy. But a strong eo 
the parasite, and in our ooso, as we qu 
nomena, probability grows like growing 
the end the malady of doubt is comphi 
The first question that naturally arise* is 
particles be really proved to act in the int 
No doubt of it. Each one of you can aubi 
to an experimental test. Water will not 
but spirit will dissolve it; and when spii 
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gram of clean mastic is dissolved in eighty 
of absolute alcohol, and the transparent solut 
to drop into a beaker containing clear water, 
stirred. An exceedingly fine precipitate is 
which declares its presence by its action 
Placing a dark surface behind the beaker, a* 
the light to fall into it from the top or front 
is seen to be distinctly blue. It is not perha 
a blue as may be seen on exceptional daj 
Alps, but it is a very fair sky-blue. A tra< 
water gives a tint of blue. London, and ' 
pool, milk makes an approximation to the 
through the operation of the same cause; ai 
has irreverently disclosed the fact that the 
eye is simply a turbid medium. 

The action of turbid media upon light v 
by Goethe, who, though unacquainted with tl 
theory, was led by his experiments to rega 
ment as an illuminated turbid medium, with 
of space behind it. He describes glasses *sho 
yellow by transmitted, and a beautiful blue 
light. Professor Stokes, who was probably tl 
cem the real nature of the action of small p* 
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tal specimens of such arc to b** f«»m 

Si James » Street Wluil wrt.*te rail 
an effect of this description Tnr-aigh 
nuta particles* ilia brown* «»f i* pietniv 
appearance of the bloom of a plum* Ih 
nish with a silk hnndkeridiirf opiicul *■* 
liahod and the chill tlm{»|ieftff^ Home 
nessed Mr. Hirst ox|K*ritmmliug at fo rm 
water of the Vtsp* When kept still t«u 
grosser matter sank, hut the liner pm in 
pended, and gave a distinctly 14 no tn 
The blueness of certain Alpine kke& It 
bo in part due to this cause Pr *tfamnt } 
several striking eases of » #ttft§tkf hue 
markable paper the lute Prtncijiiil 
steam issuing from the safety tithe of it 
favorably observed, exhibits it a twteifi 
densation the colors of the sky, It t«t 
light, and orange or red by frittirnttiftod 
effect, as pointed out by (Ititiit©, is to 
hibited by pf»i§tiii«kt§. Mtm than ten f 
myself by observing, cm a calm day 
straight smoke-columns rising from tit 
It was easy to project the taww pot 
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precipitate, you may reader the white lig 
ruby-colored as the sun, when seen thro 
smoke, or upon Alpine horizons. I do 
point to the gross smoke arising from coal 
tion of the action of small particles, becae 
soon absorbs and destroys the waves of b 
sending them to the eyes of the observer. 

Those multifarious facts, and numberlei 
cannot now bo referred to, are explained 
the single principle that, where the scatter! 
small in comparison to the ethereal waves, 
reflected light a greater proportion of the 
and in the transmitted light a greater pr< 
larger waves, than existed in the origin 
The consequence, as regards sensation, is 
case blue is predominant, and in the other 
Our best microscopes can readily reveal o 
than tfdwth of an inoh in diameter. This 
length of a wave of red light. Indeed a 
scope would enable us to discern objects n 
diameter tho length of the smallest wavet 
spectrum.' By tho microscope, therefore, 
particles. If they be as large as the light- 
infalliblv bo soon: and if thnv bo not so 
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detection. But no particles were see 
scope the turbid liquid was not to ! 
distilled water. 1 

But we have it in our power 
closely than we have hitherto done, ' 
of this problem. We can generate, 
and prove their perfect identity witl 
regards the exhibition of a number « 
phenomena. By a continuous proc 
over, we are able to connect *ky-ma: 
term, with molecular matter on ih< 
molar matter, or matter in sensible 
In illustration of this, l will take an 
by some of my own researches, and 
ren of Marseilles at the Kxeter meet 
sociation. Sulphur and oxygen com 
ous acid gas, two atonm of oxygen 
constituting the molecule of sulphur*: 
recently shown that waves of ether 
source, such as the sun or the electn 
to shake asunder the atoms of gin 
chemist would call this "decompoait 
behooves us, who are examining tie 
of the imagination, to keen constant) 
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eye. Thus, without solution of euntiiontv. we Mart with 
matter in the atom, ami end with mutter in the mam; 
sky-matter being the middle term of tin* m-nrs of trims- 
■formations. 

Instead of sulphurous mud, we might ej»on*e a dozen 
other substancuH, and produce the wum- rilrrt with all of 
them. In the ease of some probably m the ripe td idl — 
it is poamblu to preserve matter in the tirnuunrithi! eftmli- 
tion for fifteen or twenty inmates under the euniirmal 
operation of the light. I Miring them* fifteen or twenty 
minutes the particles constantly grow larger, without ever 
exceeding the size requisite to the prndurtmu of the idea- 
tial blue. Now 'when two vn**d* are placed before us, 
each containing sky-mutter, it m po#mb!e t«» Plate with 
groat distinctness which vcjt*ml runtatn# the largest par¬ 
ticles. The eye is very mwtive to «iiifer*-jirrrt *4 light, 
when, as in our experiments, it p piueed m roiupnrative 
darkness, and the waw-molion thrown agion^t the reium 
is small. Tho larger purlidcH de* lure iiwutnvh «*« by the 
greater whiteness of their muttered light, full m«w to 
mind the observation, or effort at observation, made !»y 
our President, when he failed to dmtmgmdt the pm tides 
of mastic in Brack o’* medium, and when yon have done 
this, please follow me. A beam of light i« permitted to 
act upon a certain vapor. In two minute* the moire up. 
pears, but at tho end of fifteen minute# it hint tint censed 
to he azure. After fifteen minute* m color, und mwm 
other phenomena, pronounce it to be a blue t.C dmimcily 
smaller particles than those sought for hi \»m bv Mr, 
Huxley, These particles, us already Hinted, mu*t hnfc 
been less than TraVvirth of an Inch in dmmeter. Amt n»»w 
I want you to consider the following qutwtsotK Horn arc 
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particles which have been growing continually for fifteen 
minutes, and at the end of that time are demonstrably 
smaller than those which defied the microscope of Mr. 
Huxley-— What must have been the size of these particles at 
the beginning of their growth? What notion can you form 
of the magnitude of such partioles? The distances of 
stellar space give us simply a bewildering sense of vast¬ 
ness, without leaving any distinct impression on the mind; 
and the magnitudes with whioh we have here to do bewil¬ 
der us equally in the opposite direction. We are dealing 
with infinitesimals, compared with whioh the test objeots 
of the miorosoope are literally immense. 

Small in mass, the vastness in point of number of the 
particles of our sky may be inferred from the continuity 
of its light. It is not in broken patches, nor at scattered 
points, that the hoavonly azure is revealed. To the ob¬ 
server on the summit of Mont Blanc, the blue is as uni¬ 
form and coherent as if it formed the surface of the most 
olose-grainod solid. A marble dome would not exhibit a 
stricter continuity. And Mr. Glaisher will inform you, 
that if our hypothetical shell wore lifted to twice the 
height of Mont Blanc above the earth’s surface, we should 
still have the azure overhead. By day this light quenches 
the stars*, even by moonlight it is able to exolude from 
vision all stars between the fifth and the eleventh magni¬ 
tude. It may be likened to a noise, and the feebler stellar 
radiance to a whisper drowned by the noise. 

What is the nature of the particles which shed this 
light ? The celebrated Do la Rive ascribes the haze of 
the Alps in line weather to floating organic germs. Now 
the possible existence of germs in such profusion has been 
held up as an absurdity. It has been affirmed that they 
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would darken the air, and «n tin* iinumm-d impo.mhdjty 
of their existence in the rmpitMie ifiml-r*. wiih.mi mva- 
sion of the Roiar light, an nppiin-ntU p"««-»n»i ;mm m ent 
has been based by lndirwr* m Hp-mtum mi- rm-uaum. 
Similar arguments have been u*e. i b\ i*»«• Mpp.mm!^ »f 
tho germ theory of epidemic dwe;r«\ « ho have tnumph 
antly (dial longed an app< al to {hr u .rt i . >p«- and the 
chemist's balance to decide the *pt«u.«.n >u*-h armi* 

inenta, however, are founded on » d« ie* five m-.piHini.uiec 
with tho powers and properties of mnt». r W.iteosi com¬ 
mitting myself in the leant to he Sr !w\ r’n to tin- 

doctrine of Hpuiduiientm generation, «*r n> ihe n«*na theory 
of disease, 1 would sim ph draw n?im! .»»t* t< * lb*- deiuMij 
fltrablu fac.t that, in the atmo-phn■ , ho h.t,*r particles 
•which defy both the tnieromipo and lb. I b.m.e, which 
do not darken the air* and whteSi rou ne<. t-rile-To. in 
multitudes HUfiU'.iciit to reduce to utt>!v uim mii e the 
itish hyperbole, regard me the .Midi to >m thr >» a ih <tv 

The varying judgments of mm »«n tm-m and other 
questions may perhaps lie, to Home c\ n*nt, ae.-mii.tr. I tor 
by that doctrine of ltelativitv which pbiv>. ».« imp.-riant n 
part in philosophy. Thin doctrine alhrimi that the m.pn-s 
sions made upon us by any eire.uuiHiaue*. or * mob.nation 
of circumstances, depend upon our previous Mat*- Two 
travellers upon tlie same height, the on* h-iving a -. ended 
to it from the plain, the other having descended to it 
from a .higher elevation, will he different! \ affected h\ 
the soon© around them. To tho one nature is n \ painting, 
to th© other it is contracting, and unprt*HHu«n * * luels have 
two such different antecedent mates are sure to differ. 
In our scientific judgments the law of relativity funt also 
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play an important part. To two men, one educated in 
the school of the senses, having mainly occupied himself 
with observation; the other educated in the school of 
imagination as well, and exercised in the conceptions of 
atoms and molecules to which we have so frequently re¬ 
ferred, a bit of matter, say fdnrath of an inch in diameter, 
will present itself differently. The one descends to it from 
his molar heights, the other climbs to it from his molecu¬ 
lar lowlands. To tlio one it appears small, to the other 
large. Bo, also, as regards the appreciation of the most 
minute forms of life revealed by the microscope. To one 
of the men these naturally appear oontcrrninouH with the 
ultimate particles of matter; there is but a step from the 
atom to the organism. The other discerns numberless 
organic gradations between both. Compared with his 
atoms, the smallest vibrios and bacteria of the micro¬ 
scopic field are ua behemoth and leviathan. The law of 
relativity may to some extent explain the different atti¬ 
tudes of two such persons with regard to the question of 
spontaneous generation. An amount of evidence which 
satis lies the one entirely fails to satisfy tho other; and 
while to the one, the last bold defence and startling ex¬ 
pansion of the doctrine by l)r. Bastian will appear per¬ 
fectly conclusive, to the other it will pronent itself as 
merely imposing a labor of demolition on subsequent 
investigators . 1 

Let rno say hew that many of our physiological ob¬ 
servers appear to form a very inadequate estimate of the 
distance which separates the microscopic from the mo¬ 
lecular limit, and that, as a consequence, they sometimes 


1 When iIuiho wordw worn mteiml I did not inmmiio (Imi tins i-liinf lutxtr 
of demolition would fall ujw»n tny«tolf. 18TH. 
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employ a phraseology calculated to mifdimd. When, for 
example, the contents of a ceil are dtwcribinl a* prfwtly 
homogeneous or as absolutely atnioturekw, Uwauw tlm 
microscope fails to discover any structure; or when two 
structures are pronounced to b« without difTommm, he. 
cause the microscope cun discover none, then, I think, the 
microscope begins to play a mischievous part, A little 
consideration will make it plain that the inioronctipe can 
have no voice in the question of germ structure. Distilled 
water is more perfectly homogeneous than any posstblo 
organic germ. What is it that cause* the liquid to mtm 
contracting at 89“ Fo.hr., and to expand until il freest*«? 
Wo have hero a struutuml process of which tlm microscope 
can toko no note, nor is it likely to do so by any t*otHndv> 
able extension of its powers, Plseo distilled water i« the 
field of an electro •magnet, and bring a microscope hi liear 
upon it. Will any change be olmervod when the magnet 
is excited? Absolutely none; and still profound arid 
complex changes have occurred. First of all, the par¬ 
ticles of water have been rendered diamagnpttraUy jndar; 
and secondly, in virtue of the atrueturo impressed upon 
it by the magnetic whirl of it* molaoulea, the liquid twist* 
a ray of light in a fashion perfectly determinate both m 
to quantity and direction. 

Have the diamond, die amethyst, and the counties* 
othor crystals formed in the laboratories of nature and of 
man no structureV Assuredly they have; but what ratt 
the microscope make of it? Nothing, Il cannot be ton 
distinctly borne in mind that between the miertmoopio limit, 
and the true molecular limit, them k room for intimte 
permutations and combinations. It it in this region that 
the poles of the atoms arc arranged, that tendency m given 
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to their powers; so that when these poles and powers 
have free action, proper stimulus, and a suitable environ¬ 
ment, they determine, first the germ, and afterward tbs 
complete organism. This first marshalling of the atoms, 
on which all subsequent action depends, baffles a keener 
power than that of the microscope. When duly pondered, 
the complexity of the problem raises the doubt, not of the 
power of our instrument, for that is nil, but whether we 
ourselves possess the intellectual elements which will ever 
enable us to grapple with the ultimate structural ener¬ 
gies of nature. 1 

In more senses than one Mr. Darwin has drawn heavily 
upon the scientific tolerance of his age. He has drawn 
heavily upon time in his development of species, and he 
has drawn adventurously upon matter in his theory of 
pangenesis. According to this theory, a germ, already 
microscopic, is a world of minor germs. Hot only is “the 
organism as a whole wrapped up in the germ, but every 
organ of the organism has there its special seed. This, 
I say, is an adventurous draft on the power of matter to 
divide itself and distribute its forces. But, unless we are 
perfectly sure that he is overstepping the bounds of rea¬ 
son, that he is unwittingly sinning against observed fact 
or demonstrated law—for a mind like that of Darwin can. 
never sin wittingly against either fact or law—we ought. 


. 1 “In using the expression f one Bort of living substance’ I must guard, 
against being supposed to mean that any kind of living protoplasm is homo* 
geneous. Hyaline though it may appear, we are not at present able to assign, 
any limit to its complexity of structure.”—Burdon Sanderson, in the “Britislx 
Medical Journal,” January 16, 1876. 

We have here scientific insight, and its correlative caution. In fact I>r. 
Sanderson’s important researches are a continued illustration of the position laid 
down above. 
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I think, to bo cautious in limiting bin tntelleotail Imtmm, 
If there bo tho least doubt in the matter, it ought to be 
given in favor of the freedom of such a mind. T« it a, 
vast possibility is in itself a dynamic power, though the 
possibility may never be drawn upon. It gives* mm plow* 
uro to think that the farts ami reasonings of this discourse 
tond rather toward the justiiluation of Mr. Darwin, than 
toward his condemnation; for they mmn to show Urn per- 
foot competence of matter and force, m regard* diviai- 
hility and distribution, to bear the heavieal strain that 
he has hitherto imposed upon thorn. 

In the case of Mr. Darwin, observation, imagination, 
and reason combined have run bank with wonderful Hague - 
ity and success over a certain length of the tine of biology 
ical succession, Guided by analogy, in his "Origin of 
Speoies” he placed at the root of life a primordial gorm, 
from which he conceivotl the amaaing variety of the or¬ 
ganisms now upon tho earth's aurlaoc might be deduced. 
If this hypothesis were even true, it would not bo final 
The human mind would infallibly look behind the germ, 
and however hopeless the attempt, would inquire into the 
history of its genesis. In this dim twilight of tmujeeture 
the searcher welcomes every gleam, and sank* to Augment 
his light by indirect incidences. He atudieu the methods 
of nature in the age® and tho worlds within hi* rttaalt, in 
order to shape the count** of speculation in antootniunt ages 
and worlds. And though the certainty iKuuwaswai by ex- 
perimental inquiry is here shut out, we are not loft entirely 
without guidance. From the examination of the solar 
system, Kant and Laplace came to the mmol union that its 
various bodies once formed parte of the same undialooatod 
mass; that matter in a nebulous form preceded matter in 
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its present form; that as the ages rolled away, heat was 
wasted, condensation followed, planets were detached; 
and that finally the chief portion of the hot cloud reached, 
by self-oompression, the magnitude and density of our 
sun. The earth itself offers evidence of a fiery origin; 
and in our day the hypothesis of Kant and Laplace re¬ 
ceives the independent countenance of spectrum analysis, 
which proves the same substances to be common to the 
earth and sun. 

Accepting some such view of the construction of our 
system as probable, a desire immediately arises to con¬ 
nect the present life of our planet with the past. Wo 
wish to know something of our remotest ancestry. On 
its first detachment from the central mass, life, as wo 
understand it, could not have boon present on the earth. 
How, then, did it come there? The thing to be encour¬ 
aged here is a reverent freedom—a freedom preceded by 
the hard discipline which checks licentiousness in specula¬ 
tion—while the thing to be repressed, both in science and 
out of it, is dogmatism. And here I am in tho hands of 
the meeting—willing to end, but ready to go on. I have 
no right to intrude upon you, unasked, the. unformed no¬ 
tions which are floating like clouds, or gathering to more 
solid consistency, in tho modern speculative scientific 
mind. But if you wish me to speak plainly, honestly 
and umlisputatiously, I am willing to do so. On the 
present occasion— 

You art* ortliiiiit’tl to call, ami I to oonto. 

Well, your answer is given, and f obey your rail. 

Two or three years ago, in an ancient. London college, 
I listened to a discussion at the end of a lecture by a very 
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remarkable man. Three or four hundred ©liirgyitiiwi wm 
present at the lecture. The orator bogaa will* iIip mviliaa. 
tion of Egypt in the time of Joseph; pointing out the 
very perfect organisation of the kingdom, and the 
sion of chariots, in one of which Joseph rods, m proving 
a long antecedent period of eivtliiHkliafi, Up then paused 
on to the mud of the Nile, its rate *if augments it mi, its 
present thickness, and the remains of human handiwork 
found therein; thence to the rooks which hound the Nile 
valley, and which teem with organic remains. Thus in 
his own dear way he caused the idea of the world's age 
to expand itself indefinitely before the minds t»f hi# amli. 
ence, and he contrasted this willi the age usually mmignmi 
to the world. During his duamume he anemed to W swim* 
ming against a stream, he manifestly thought that he was 
opposing a general conviction. II® expected rmhl^nm in 
the subsequent discussion; so did I. Itul it was ill * 
mistake; there watt no adverse current, no opposing etui* 
viotion, no resistance; merely here and there a half humor* 
ous but unsuccessful attempt to mi tangle him in hm talk, 
The meeting agreed with all that hid betm m! regarding 
the antiquity of the earth and of its life. They had, in* 
deed, known it all long ago, and they rallied the lecturer 
for coming among them with «o stain a story. It was quite 
p!ain that this large body of ebrgymen, who wore, I should 
eay, to be ranked among the Annul samples of thmr clans, 
had entirely given up the ancient landmarks, and trans¬ 
ported the conception of life’s origin to an indefinitely 
distant past. 

This leads ns to the gist o( our present inquiry, which 
>s this: Does life belong to what wo mil matter, w i» it 
an independent principle inserted into matter at Mine sail- 
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able epoch—say when the physical conditions became such 
as to permit of the development of life? Let ns put the 
question with the reverence due to a faith and culture in 
which we all were cradled, and which are the undeniable 
historic antecedents of our present enlightenment. I say, 
let us put the question reverently, but let us also put it 
clearly and definitely. There are the strongest grounds 
for believing that during a certain period of its history the 
earth was not, nor was it fit to be, the theatre of life. 
Whether this was ever a nebulous period, or merely a 
molten period, does not signify much; and if we revert 
to the nebulous condition, it is because the probabilities 
are really on its side. Our question is this: Did creative 
energy pause until the nebulous matter had condensed, 
until the earth had been detached, until the solar fire had 
so far withdrawn from the earth’s vicinity as to permit 
a crust to gather round the planet? Did it wait until the 
air was isolated; until the seas were formed; until evap¬ 
oration, condensation, and the descent of rain had begun; 
until the eroding forces of the atmosphere had weathered 
and decomposed the molten rocks so as to form soils; 
until the sun’s.rays had become so tempered by distance, 
and by waste, as to be chemically fit for the decomposi¬ 
tions necessary to vegetable life? Having waited through 
these eons until the proper conditions had set in, did it 
send the fiat forth, “Let there be Life!”? These ques¬ 
tions define a hypothesis not without its difficulties, but 
the dignity of which in relation to the world’s knowledge 
was demonstrated by the nobleness of the men whom it 
sustained. 

Modern scientific thought is called upon to decide 
between this hypothesis and another; and public thought 
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generally will after**rd l» «i«« *« d«* ^ nihii, 

But, however the conviction* «d md»%i4»iiw hrre and limns 
may he influenced, the prow** mmi W »»*•« and mvular 
•which oonimemlw the hypoUu-Hts of Natural K%cl»sti«n t« 
the public mind. For wliat nn» th» am! r« w!t ,. P «f 

this hypothesis P Strip it nnh 4, and von »innd !*©« 
to face with the notion that. nut »'mtta tl»r mow tpmddw 
forms of unimaleular or animal l»f«\ not alone i!»r n«difor 
forms of the how and Imn, w>» »hmr the *v|tn«uu* irttl 
wonderful mechanism of th« Unman fwdy. bat that Urn 
human mind itself—emotion, will, and all ibeir 

phenomena—were once Intent in a show »■ Imul. Sur*4v the 
mere statement of Hitch it notion is u*ori» flutn * rwlutit»r«i. 
But the hypothesis would probably go pn-st forth nr ihitn 
•this. Many who hold it would probably rnmni t«» tk» 
position that, at the present moment, nil our |»hilMi»<*s-hv, 
all onr poetry, all our science, and all m*r atri iinso, 
Shakespeare, Newton, and Unphiod arc potential in the 
iixes of the sun. We long to I earn anmcthittg t»f *mr ton- 
gin. If the Evolution hypothec# I*e tt»rrr*% vvrn thi* 
unsatiahed yearning must have emtw t« us* m^nm* th«- movi 
which separate the primeval mint from tin* mmnru^n-tttrm 
of to-day. I do not think tiint iitt? holder *4 the 1*4»»hs 
tion hypothesis would my tltaA I ovemtat* tir nvm strain 
it in any way. I merely strip it «f nil vag'icnra;), «»»! 
bring before you, unclothed and uiiviimipliiHl, the 
by which it must stand or fall. 

Surely these notions r*pm*«at an «b«iirdiif t*«* ommi- 
tstrons to be entertained by any naan* tmtt»I. I$«i ah* nr.- 
such notions absurd, and why should sum tv r* yet tl»«*»n ? 
The law of lielativity, of wlt*«sfe tr have provtoudr 
■spoken, may had its application Item ?)»** I.v 
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notions are absurd, monstrous, and fit only for the intel¬ 
lectual gibbet, in relation to the ideas concerning matter 
which -were drilled into us when young. Spirit and mat¬ 
ter have ever been presented to us in the rudest contrast, 
the one as all-noble, the other as all-vile. But is this 
correct? Upon the answer to this question all depends. 
Supposing that, instead of haying the foregoing antithesis 
of spirit and matter presented to our youthful minds, we 
had been taught to regard them as equally worthy, and 
equally wonderful; to consider them, in fact, as two oppo¬ 
site faces of the self-same mystery. Supposing that in 
youth we had been impregnated with the. notion of the 
poet G-oethe, instead of the notion of the poet Young, and 
taught to look upon matter, not as “brute matter,” but 
as the “living garment of God 11 ; do you not think that 
under these altered circumstances the law of Relativity 
might liave had an outcome different from its present one ? 
Is it not probable that our repugnance to the idea of pri¬ 
meval -union between spirit and matter might be consider¬ 
ably abated? Without this total revolution of the notions 
now prevalent, the Evolution hypothesis must stand con¬ 
demned; but in many profoundly thoughtful minds such 
a revolution has already taken place. They degrade 
neither member of the mysterious duality referred to; 
but they exalt one of them from its abasement, and repeal 
the divorce hitherto existing between them. In sub¬ 
stance, if not in words, their position as regards the rela¬ 
tion of spirit and matter is: “What G-od hath joined to¬ 
gether, let no man put asunder. 11 

You have been thus led to the outer rim of speculative 
science, for beyond the nebulae scientific thought has never 
hitherto ventured. I have tried to state that which I con- 
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eidered ought, in fairness, to be outspoken. I neither 
think this Evolution hypo them# in to bo limited away 
contemptuously, nor that it ought to bw denounced m 
wicked. It is to be brought before tit© Imr of disciplined 
reason, and there justified or condemned. Let us hearken 
to those who wisely support it, and to ilw»« who wisely 
oppose it; and let us tolerate those, whose name is legion, 
who try foolishly to do either of then© things. The only 
thing out of place in the discussion i« dogmatism on either 
Bide. Fear not the Evolution hypothesis. Steady your¬ 
selves, in its presence, upon that faith in the ultimate 
triumph of truth which was expressed by old Uutusliel 
when he said: “If it be of God, ye cannot overthrow it; 
if it bo of man, it will come to naught," Under the fierce 
light of scientific inquiry, it is sure to l»e dtmti pitted if it 
possess not a core of truth. Trust me, its existence as a 
hypothesis is quite compatible with the simultaneous ex¬ 
istence of all those virtues to which th« term “Christian" 
has been applied. It does not solve—it does not profess 
to solve—the ultimate mystery of this universe. It 
leaves, in fact, that mystery untouched, For, granting 
the nebula and its potential life, the question, whence 
they came, would still remain to hsflte and bewilder us. 
At bottom, the hypothesis does nothing more than “trans¬ 
port the conception of life’s origin to an itulofimtely dis¬ 
tant past.” 

Those who hold the doctrine of Evolution are by no 
means ignorant of the uncertainty of their data, ami they 
only yield to it a provisional assent They regard the 
mbubur hypothesis as probable, and, in the utter absence 
ml any evidence to prove the act illegal, they extend the 
method of nature from the present into the p mL Hero 
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he observed uniformity of nature is their only guide. 
fVlthin the long range of physical inquiry, they have 
lever discerned in nature the insertion of caprice, 
[■hroughout this range, the laws of physical and intel- 
ctual continuity have run side by side. Having thus 
Letermined the elements of their curve in a world of ob- 
ervation and experiment, they prolong that curve into 
,n antecedent world, and accept as probable the unbroken 
equence of development from the nebula to the present 
ime. You never hear the really philosophical defenders 
if the doctrine of Uniformity speaking of impossibilities 
a nature. They never say, what they are constantly 
harged with saying, that it is impossible for the Builder 
if the universe to alter His work. Their business is not 
pith the possible, but the actual—not with a world which 
%ight be, but with a world that is. This they explore 
pith a courage not unmixed with reverence, and accord- 
ng to methods which, like the quality of a tree, are tested 
iy their fruits. They have but one desire—to know the 
ruth. They have but one fear—to believe a lie. And 
E they know the strength of science, and rely upon it 
nth unswerving trust, they also know the limits beyond 
rhich science ceases to be strong. They best know that 
uestions offer themselves to thought, which science, as 
ow prosecuted, has not even the tendency to solve. They 
.ave as little fellowship with the atheist who says there 
3 no God, as with the theist who professes to know the 
lind of God. “Two things,” said Immanuel Kant, “fill 
re with awe: the starry heavens, and the sense of moral 
esponsibility in man.” And in his hours of health and 
trength and. sanity, when the stroke of action has ceased, 
nd the pause of reflection has set in, the scientific in- 
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vestigator finds himself overshadowed by the name awe, 
Broaking contact with the hampering deteik of earth, it 
associates him with a Power which give* fulfil ami tone 
to his existence, hut which be can neither atmlyie nor 
comprehend. 
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not from tlio study of nature, but front what lay much 
closer to them—tho observation of smut. Their theories 
accordingly took an anthropomorphic form. To super- 
sensual beings, which, '‘however potent nml in viable, 
were notliing but a species of human creatures, perhaps 
raised from among mankind, and retaining all lirntmn 
passions ami upputiles,” 1 were handed over tho rule ami 
governance of natural phenomena. 

Tested by observation and reflection, those early me 
tions failed in tho long run to satisfy the more penetrating 
intellects of our race. Far in the depths of history we 
find men of exceptional power differentiating themselves 
from tho crowd, rejecting these anthrojHonorphie notions, 
and seeking to connect natural phenomena with their phy¬ 
sical principles. But, long prior to these purer efforts 
of tho understanding, tho merchant hud been abroad, nml 
rendered the philosopher possible; commerce had been 
dove!oped, wealth amassed, leisure for travel and specula- 
tion secured, while races educated under different condi¬ 
tions, and therefore differently informed nml endowed, 
had been stimulated and sharpened by mutual ruuim-t, 
In those regions whore tho commercial ttristoeruev of 
ancient Graeco mingled with their Kan tern neighbors, the 
sciences were born, being nurtured and developed by fre¬ 
thinking and courageous men. Tho state bl things to bo 
displaced may bo gathered from a passage of Euripides 
quoted by Triune. "There is nothing in the world; no 
glory, no prosperity. The gods Urns all into confusion; 
mix everything with ita reverse, that all of us, from our 
ignoranoe and uncertainty, may pay them the more w«»r- 

1 Hum®, "N&luraU Utetory of Etllgkw,** 
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ship and reverence.” Now as science demands the-radical 
extirpation oJH caprice, and the absolute reliance upon law 
in nature, there grew, with the growth of scientific no¬ 
tions, a desire and determination to sweep from the field 
of theory this mob of gods and demons, and to place nat¬ 
ural phenomena on a basis more congruent with them¬ 
selves. 

Tito problem which had been previously approached 
from above was now attacked from below; theoretics effort 
passed from the super* to the sub-sensible. It was felt 
that to construct the universe in idea it was necessary to 
have some notion of its constituent parts—of what Lu¬ 
cretius subsequently called the “First Beginnings.” Ab¬ 
stracting again from experience, the leaders of scientific 
speculation reached at length the pregnant doctrine of 
atoms and molecules, the latest developments of which 
were set forth with such power and clearness at the last 
meeting of the British Association. Thought, no. doubt, 
had long hovered about this doctrine before it attained 
the precision and completeness which it assumed in the 
mind of Democritus,’ a philosopher who may well for a 
moment arrest our attention. “Few great man,” says 
Lange, a non-materialist, in his excellent “History of 
Materialism,” to the spirit and to the letter of which I 
am equally indebted, “have been so dospitefully used by 
history as Democritus. In the distorted images sent down 
to us through unscientific traditions, there remains of him 
almost nothing hut the name of ‘the laughing philoso¬ 
pher,’ while figures of immeasurably smaller significance 
spread themselves out at full length before ns.” Lange 


1 Born 460 B.o. 
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speaks of Bacon’s high appnvmtbm of IVnwriti»~.f WP 
ample illustrations of whirl* I mn uidtditvd to my rxut>!• 
lent friend Mr. Spudding, tin* harm'd nlsl<*r and (nog. 
raphor nf Bacon. It w evident, indeed, that IW-oti ron* 
Bidored Democritus to !«• * man of weightier motel than 
either IMato or Aristotle, though tluur philosophy ‘’»i* 
noised and celebrated m the fM*h»wd«, amid the 4ui and 
pomp of professors.'* U ww not they, but Uetifleru' and 
Attila and Urn barbarian*, who destroyed the Atomic phi* 
losophy, “Pur, at a time whim all human burning had 
Buffered shipwreck, these plank* of Aristotelian atnl Pin* 
tonic phlloBophy, ns hemg of a tighter and more inflated 
substance, worn preserved and came down t*» tin, while 
thingH more solid sauk and almost jinked into oblivion," 
Tho aon of a wealthy fattier, Ummmmtm devoted Out 
whole of hitt inherited fortune to the culture of liw tmtid, 
lie travelled everywhere; visited A then* when £W rates 
and Plato were there, hut tj mttod ill# city without mak¬ 
ing himself known. Indeed, the dialectic strife tn which 
Socrates so much delighted had no charm for Democritus, 
who held that “the man who readily contradict*, and use* 
many words, is unfit to learn anything truly right " lie 
is said to have discovered and educated Protagoras the 
Sophist, being struck m much by the manner in which 
he, being a hewer of wood, tied tip hi# fagots, 1* t*y the 
sagacity of his oonveraatirm. Demourttua returned j««*r 
from his travels, was supported by hi* brother, and lit 
length wrote hia groat work unfitted ** Din burnt* «*,“ which 
he read publicly before the people of hit native town. 
He was honored by his countrymen in various ways, and 
died serenely at a great ago. 

The principles enunciated by Damoeritus tw»ml his un* 
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compromising antagonism to those who deduced the phe¬ 
nomena of nature from the caprices of the gods. They 
are briefly these: 1. From nothing comes nothing. Noth¬ 
ing that exists can be destroyed. All changes arc due to 
the combination and separation of molecules. 2. Nothing 
happens by chance; every occurrence has its cause, from 
which it follows by necessity. 8. The only existing things 
arc tho atoms and empty space; all olso is more opinion. 

4. The atoms are infinite in number and infinitely various 
in form; thoy strike together, and the lateral motions and 
whirlings which thus arise are the beginnings of worlds. 

5. The varieties of all things depend upon the varieties 
of their atoms, in number, size, and aggregation. 6. Tho 
soul consists of fine, smooth, round atoms, like those of 
lire. Those are the most mobile of all: they interpene¬ 
trate the whole body, and in their motions the phenomena 
of life arise. 

The first five propositions are a fair general statement 
of the atomic philosophy, as now held. As regards the 
sixth, Democritus made his liner atoms do duty for tho 
nervous system, whose functions were then unknown. 
The atoms of Democritus arc individually without sensa¬ 
tion; they combine in obedience to mechanical laws; and 
not only organic forms, but the phenomena of sensation 
and thought, are tho result of their combination. 

That great enigma, “the exquisite adaptation of one 
part of an organism to another part, and to the conditions 
of life, * * more especially the construction of the human 
body, Democritus made no attempt to solve. Kmpmloelen, 
a man of more fiery and poetic nature, introduced the no¬ 
tion of love and hate among the atoms, to account for 
their combination and separation; and bolder than Do- 
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mocritus, lio struck in with the penetrating 
linked, however, With some wild speculum-tt. that it lay 
in tho very'nature of those combination* w hich were 
suited to their ends (in other words, in harmony with 
their environment) to maintain themselves, while unlit 
combinations, having no proper habitat, must rapidly din- 
appear, Tims, more than 2,tHKl years ago, the doctrine of 
the “survival of the iittest,” which in our day, not t«n 
the basis of vague conjecture, but of positive Knowledge, 
has been raised to such extraordinary sigiulleanee, Juei 
rooeivod at all events partial enunciation. 1 

Epicurus,* said to be tin? son of a poor schoolmaster at 
Samos, is tho next dominant figure in the history id the 
atomic philosophy. lie mastered the wnhnga of Deumeri* 
tus, heard lectures in Athens, went buck to Samoa, mid 
subsequently wandered through various countries, lie fi¬ 
nally returned to Athens, where he bought a garden, end 
surrounded himself by pupils, in the midst of whom he 
lived a pure and Hcrene life, and deal a peaceful death. 
Democritus looked to the soul as the ennobling part of 
man; even beauty", without understanding, partook of ani¬ 
malism. Epicurus also rated the spirit above the body; 
the pleasure of the body being that of the moment, while 
the spirit could draw upon the future and the pant. 11 is 
philosophy was almost identical with thut of in •moeritus; 
but ho never quoted either friend or foe. Une main ob¬ 
ject of Epicurus was to free the world from superstition 
and the fear of death. Death he treated with indifference. 
It merely robs us of sensation. As long n« we are, death 
is not; and when death is, we are not. Life has no more 


* Sea “Lange,” 2d edit,, p. 28, 
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evil for liim who has made up his mind that it is no evil 
not to live. He adored the gods, but not in the ordinary 
fashion. The idea of Divine power, properly purified, he 
thought an elevating one. Still he taught, “Not ho is 
godless who rejects the gods of the crowd, but rather ho 
who accepts them. ” The gods wore to him eternal and 
immortal beings, whoso blessedness excluded every thought 
of care or occupation of any kind. Nature pursues her 
course in accordance with everlasting laws, the gods never 
interfering. They haunt 

Tho lucid inlorspaco of world and world 
Whom novor croops a cloud or movoB a wind, 

Nor over fulls tho loaHl whit© star of snow, 

Nor over low oh t roll of thunder nioatiH, 

Nor Hound of human Borrow mountH lo mar 
Their Hiierod overlaying calm . 1 

Lange considers the relation of Epicurus to the gods 
subjective; the indication, probably, of an ethical require¬ 
ment of his own nature. Wo cannot read history with 
open eyes, or study human nature to its depths, and fail 
to discern such a requirement. Man never has been, and 
he never will ho, satisfied with the operations and prod¬ 
ucts of tho Understanding alone; hence physical science 
cannot cover all the demands of his nature. But the his¬ 
tory of tli6 clTorts made to satisfy these demands might 
he broadly described as a history of errors—-the error, in 
great part, consisting in ascribing fixity to that which is 
fluent, which varies as wo vary, being gross when we are 
gross, and becoming, as our capacities widen, more ab¬ 
stract and sublime. On one great point tho mind of Kpi* 


1 Tonuygon « "Lumaius.” 
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cutub wan at pence. Ilo neither sought mm expeeted, here 
or hereafter, any personal prolit from itm relation tt> the 
go<1 b. And it is assuredly a fuel that h<fiun*M and serein 
ity of thought may he promoted by oonrepiiniis which in- 
Volvo no idea of prolit of thin kind, "dhd i nut believe," 
said a great man* to me tmee, “that an Ini* Ihgenee ih at 
the heart of things, my life on earth wold he intoler* 
aide." The utte.rer of these wunl-i in not, m my opinion, 
rendered loss, hut more, nohle by the fuel that it was the 
need of ethical harmony here, and nut the thought of per- 
Bonal happiness hereafter, that prompt-d In* eh <t\ afimn 
There iire persons, not, belonging in the bn-h. «t mud- 
leoliml zone., nor yet to the hove*!, to v, a.*m p* in »-t clear* 
noBri of exposition suggests want of depth, Th»* \ find 
comfort and adiUeathm in an nbntraet and b arn, d phrase¬ 
ology. To Hlleh people Kpieu nn, a h«» ?>; -.ovd n* j p.um to 
rid htH Htyle of every trace t >f ha.-<* and t '.rhiditi, ap¬ 
peared, on thin very iUVuimt, SUpei h-uah 11** had, Ine,v* 
over, a disciple who thought it n*» uuw.-iihj. i*< »*iij-,dam to 
spend his days ami nights in the effort t>> i.-a-m the e!rar* 
nosB o£ his master, atul to whom the <it. <d. pin!-* ..tpher in 
mainly indebted for the extension and perpetual nm ..{ his 
lame. Some two centuries after the death <*f hpa unm, 
LuerotiuB* wrote Itm great poem, "tin the N.„t ,i.< .if 
Things,” in which he, u Houmn, dr v rh.p.d w .th eura.-r- 
dinary ardor the philosophy of Ui* tireek prrdee,.*-...r, He 
wiaheH to win over his friemi Menmnm to the sehool <ff 
Bpieurua; and although he him no rewards in a future life 
to offer, although his object appears to he a purely nega¬ 
tive one, he addresses his friend with the heat of an 


1 Ourlylo. 
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apostle. His object, like that of bis great forerunner, is 
tbe destruction of superstition; and considering that men 
in his day trembled before every natural event as a direct 
monition from the gods, and that everlasting torture was 
also in prospect, the freedom aimed at by Lucretius might 
be deemed a positive good. “This terror,” he says, “and 
darkness of mind, must be dispelled, not by the rays of 
the sun and glittering shafts of day, but by the aspect 
and the law of nature.” He refutes the notion that any¬ 
thing can come out of nothing, or that what is once be¬ 
gotten can be recalled to nothing. The first beginnings, 
the atoms, are indestructible, and into them all things can 
be resolved at last. . Bodies are partly atoms and partly 
combinations of atoms; but the atoms nothing can quench. 
They are strong in solid singleness, and, by their denser 
combination, all things can be closely packed and exhibit 
enduring strength. He denies that matter is infinitely di¬ 
visible. ¥e come at length to the atoms, without which, 
as an imperishable substratum, all order in the generation 
and development of things would be destroyed. 

The mechanical shock of the atoms being, in his view, 
the all-sufficient cause of things, he combats the notion 
that the constitution of nature has been in any way deter¬ 
mined by intelligent design. The interaction of the atoms 
throughout infinite time rendered all manner of combina¬ 
tions possible. Of these, the fit ones persisted, while the 
unfit ones disappeared. Not after sage deliberation did 
the atoms station themselves in their right places, nor did 
they bargain what motions they should assume. From all 
eternity they have been driven together, and, after trying 
motions and unions of every kind, they fell at length into 
the arrangements out of which this system of things has 
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boon ovolvod. U 1E you will apprehend i&ml keep in mind 
these things, Nature, free at tiiicc, and rid of her haughty 
lords, is aeon to do all things ttpoiiUttf‘Mii*tY of herself, 
■without tho muddling of tlm god*. M * 

To moot tho objection that hi* utomn camml ho mam, 
Lucretius describes a violout storm, and show* that tho in¬ 
visible particles of air act in tin' nam" wov us tho visible 
particles of water, Wo jH*movc, iwma er. the different 
smells of thingH, yet never mm them com mg t*« mir nos¬ 
trils, Again, clothes hung up on a shore which waves 
break upon, become moist, and then got dry if' spread out 
in the arm, though no eve ran m u either the approach or 
the canape of tlm water particle*. A run,', % “i n long on 
tho linger, becomes thinner', n water drop hollows out a 
stone; the plowshare in rublwd in way m the held; the 
street-pavement in worn by the feel; hut the particles 
that disappear at any moment wo eann*<i nee. Nature a eta 
through invisible particles. That Lucreim* h.ul a a to mg 
scientific imagination tho foregoing refer, n. r * j.n.w A 
lino illustration of bis power in tins reapert m in* ex¬ 
planation of the apparent rest of When wl»»«e ui<*m* are 
in motion. Ho employs the imago of a Hook of sheep 
with skipping lambs, which, seen from n distance, pre 
sents simply a white patch upon the green 1**11, the jump 
ing of the individual km ha Iming (pure invisible. 

His vaguely grand ounoeption of the atoms fulling eter¬ 
nally through Rpaoe, suggested the nebular In pothers to 
Kant, its first propmmder. Far beyond tho hunt* of our 

* Moaet^ft trMudatioo, In bin oriktcriiia of th»« work ("I Uv 

view,” IMt) Dr. d©<* not np|K<Ar U» t«> aw«it> ..f it,»* ?™»llv o nm t »utj 

subtile observation* on which tho rwMtonlng ut l.uwHiw, 
some times reste, 



THE BELFAST ADDRESS 


155 


visible world are to be found atoms innumerable, which 
nave never been united to form bodies, or which., if once 
united, have been again dispersed—falling silently through 
immeasurable intervals of time and space. As everywhere 
throughout the All the same conditions are repeated, so 
must the phenomena be repeated also. Above us, below 
us, beside us, therefore, are worlds without end; and this, 
when considered, must dissipate every thought of a de¬ 
flection of the universe by the gods. The worlds come 
and go, attracting new atoms out of limitless space, or dis¬ 
persing their own particles. The reputed death of Lucre¬ 
tius, which forms the basis of Mr. Tennyson’s noble 
poem, is in strict accordance with his philosophy, which 
was severe and pure. 

§ 2 

Still earlier than these three philosophers, and during 
the centuries between the first of them and the last, the 
human intellect was active in other fields than theirs. 
Pythagoras had founded a school of mathematics, and 
made his experiments on the harmonic intervals. The 
Sophists had run through their career. At Athens had 
appeared Socrates, Plato, and Aristotle, who ruined the 
Sophists, and whose yoke remains to some extent un¬ 
broken to the present hour. Within this period also the 
School of Alexandria was founded, Euclid wrote his “Ele¬ 
ments” and made some advance in optics. Archimedes 
had propounded the theory of the lever, and the prin¬ 
ciples of hydrostatics. Astronomy was immensely enriched 
by the discoveries of Hipparchus, who was followed by 
the historically more celebrated Ptolemy. Anatomy had 
been made the basis of scientific medicine; and it is said 
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by Draper ’ that vivisection had twgun. In fact, the 
science of ancient Greece had already cleared the world 
of the fantastic images of divinities* of*?rating capriciously 
through natural phenomena. It had shaken iUtdf free 
from that fruitless scrutiny "by the internal light of the 
mind alone,” which had vainly sought to transcend exp®, 
rioneo, and to reach a knowledge of ultimate causm. In. 
stead of accidental olswrvation* it had mtntxta«*d olwmm* 
tion with a purpose; instrument* 'mmm employed to aid 
the senses; and scientific method was rendered in a great 
measure complete by the union of Induction and Kxperi" 
merit. 

What, then, stopped its victorious advance? Why was 
the Huiontillc intellect compel led, like an exhausted soil, to 
lie fallow for nearly two millenniums, before it r«*uhl re* 
gather tho element* necessary to its fertility and strength ? 
Bacon has already lot us know one cause; Whrwelt iw- 
oribes this stationary period to four cause** obscurity of 
thought, servility, intolerance of d imposition, mitltuatasm 
of temper; and ho gives striking examples «f each.* Hut 
these characteristics must have had their antecedent* m 
the circumstances of the time. Homo, ntid fit© ollmr cities 
of the Empire, had fnllcn into moral putrefaction. (*hns* 
tianity had appeared, offering the (hwpet to the poor, and 
by moderation, if not asceticism of life, prneUealiy protest- 
ing against tho profligacy of the age. Tito sufferings «f 
the early Christians, and the extraordumfy exaltation of 
mind which enabled than to triumph liter the diabolical 
tortures to which they were subjected* * must have left 

1 “History of the InWiteetuul »*f Rtwef#*," y 

1 “History of tho loduetlv* Reitmw*,"* vet. I, 

* Daiortbed with terrfoti vivlduoiw In Haas*** **Auneferto. m 
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traces not easily effaced. They scorned the earth, in view 
of that “building of God, that house not made with hands, 
eternal in the heavens. ’ ’ The Scriptures which ministered 
to their spiritual needs were also the measure of their 
Science. When, for example, the celebrated question of the 
Antipodes came to be discussed, the Bible was with many 
the ultimate court of appeal. Augustine, who flourished 
a.d. 400, would not deny the rotundity of the earth; but 
he would deny the possible existence of inhabitants at the 
other side, “because no such race is recorded in Scripture 
among the descendants of Adam.” Archbishop Boniface 
was shocked at the assumption of a “world of human be¬ 
ings out of the reach of the means of salvation.” Thus 
reined in, Science was not likely to make much progress. 
Later on, the political and theological strife between the 
Church and civil governments, so powerfully depicted by 
Draper, must have done much to stifle investigation. 

Whewell makes many wise and brave remarks regard¬ 
ing the spirit of the Middle Ages. It was a menial spirit. 
The seekers after natural knowledge had forsaken the 
fountain of living waters, the direct appeal to Mature by 
observation and experiment, and given themselves up to 
the remanipulation of the notions of their predecessors. 
It was a time when thought had become abject, and when 
the acceptance of mere • authority led, as it always does in 
science, to intellectual death. Natural events, instead of 
being traced to physical, were referred to moral, causes; 
while an exercise of the fantasy, almost as degrading as 
the spiritualism of the present day, took the place of scien¬ 
tific speculation. Then came the mysticism of the Middle 
Ages, Magic, Alchemy, the Neoplatonic philosophy, with 
its visionary though sublime abstractions, which caused 
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men to look with kUiuimi upon thrnr own iwtlim, m hin» 
darances to the ubsorpUon of thw creature m tit© 
hohh of the Greater, Finally came thn nelmlmin* philoso¬ 
phy, a fusion, nmtrdiiig to t A thu Ica^t mature 

notions of Aristotle with the Christianity *»f tipi Wwt, In- 
tolluelmd immohihty wits the nutiill. A« a Irat idler with* 
out a compass in a teg may wander tesig, imagining lin itt 
making way, and tlnd himmdf after hours* «f t*n! at hut 
Btartiug«point, no tint nehoolmon, having "tied ami untied 
the same knots, and formed and ili.#«|*nte4 the same 
clouds/* 1 found thmmudviw at the end *4 cuiituna* in 
tlvoir old position. 

With regard to tlm influence* wielded by Aristotle m 
the Middle Ages, and which, k» » l«w extent, he *nlt 
wields, I would mk permiwiion to mak© un© remark. 
When the human mind has aehuavrd gtwbin&m ami given 
evidence of extraordinary j*ow«r in «it« domain, there is 
a tendency to credit it with similar j tower in all other do* 
mains. Thus theologians have found comfort and ii»ur« 
anco in the thought tint New km dealt with the ipicMion 
of revelation—forgetful of the fact that the very devotion 
of hie powers, through all the beat years *»f hi* hie, to ft 
totally different claws of ideas, not to *jw*ftk *4 any natural 
disqualification, tended to render litfii hm t itwtead *4 more, 
competent to deal with timtdogiral ami Imtore- (jtientiou*. 
G'ootho, starting from Ida established greatness m « pout, 
and indeed from his positive iitm»%eriiin m Natural il«- 
tory, produced a profound impression among the painters 
of Germany, when he published his ’’Farlumbhr©/’ in 
which he endeavored to overthrow Newton's theory of 
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colors. This theory he deemed so obviously absurd that 
he considered its author a charlatan, and attacked him 
with a corresponding vehemence of language. In the do¬ 
main of Natural History, Groethe had made really consid¬ 
erable discoveries; and we have high authority for assum¬ 
ing that, had he devoted himself wholly to that side of 
science, he might have reached an eminence comparable 
with that which he attained as a poet. In sharpness of 
observation, in the detection of analogies apparently re¬ 
mote, in the classification and organization of facts accord¬ 
ing to the analogies discerned, Groethe possessed extraordi¬ 
nary powers. These elements of scientific inquiry fall in 
with the disciplines of the poet. But, on the other hand, a 
mind thus richly endowed in the direction of natural his¬ 
tory, may be almost shorn of endowment as regards the 
physical and mechanical sciences. Gk>ethe was in this 
condition. He could not formulate distinct mechanical 
conceptions; he could not see the force of mechanical 
reasoning; and, in regions where such reasoning reigns 
Bupreme, he became a mere ignis fatuus to those who 
followed him. 

I have sometimes permitted myself to compare Aris¬ 
totle with Gtoethe—to credit the Stagirite with an almost 
superhuman power of amassing and systematizing facts, 
but to consider him fatally defective on that side of the 
mind, in respect to which incompleteness has been just 
ascribed to Gioethe. Whewell refers the errors of Aris¬ 
totle not to a neglect of facts, but to “a neglect of the 
idea appropriate to the facts: the idea of Mechanical 
cause, which is Force, and the substitution of vague or 
inapplicable notions, involving only relations of space or 
emotions of wonder.” This is doubtless true; but the 
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word “neglect” implies mere int«dl«*rtua! misdirection, 
whereas in Aristotle, a* in (loeth*\ it urn* ti»i, I Wlie?#, 
misdirection, hut sheer natural incapm'ity wlm-h lay $\ 
the root of his mistakes. A* a physicist. A ri* lotto tilt, 
played what we should consular mmtv of tl»« worst of 
attributes in a modern pliymml investigator itidntiittet* 
n©si of ideas, eon fusion of mind, and it ruujiiimi use 
of language which led to the delusive notion that lit 
had really mastered hi* subject, white he Soul, a,# yet, 
failed to grasp even the elements of it. Up put words 
in the place of thing*, subject in tlir place of ob¬ 
ject He preached Induction without praciirmn it, in- 
verting the true order of inquiry, by passing from 
th© general to the particular, instead of from tint par, 
tieulfuf to the gfotval. Ho made t»f the ufito’iw # rWed 
sphere, in the centre of which lie Hard the earth. prof, 
ing from general principles, to his own satisfaction and 
to that of the world for near 3,lNX> ymr#, that no other 
universe was possible. Mb notions «f motion wore mi- 
tkely mpkyitetl It w§» natural or unnatural. t*etier or 
worse, calm or violent—no real mechanical ra*n*opts»*n re¬ 
garding it lying at the bottom of his imml. He affirmed 
that a vacuum could not ©just, and proved that if it did 
motion in it would h© impossible. II* d*t* Homed <i }„t> ri 
how many species of animals must e*»st, and de* *,*d m 
general principles why animals um*i ton *’ ’»«> li aud i *uvli 
parts. When an eminent contemporary ptoto^iphn , who 
k far removed from error* of this kind, mormtore none 
afemeft Qlt the <$ priori method, hi* will be »1*1« h* make 
for the juaimwy of phyAU'int* 5M to the aeeept- 
ance ef t&toilkd d pti&H truths, Aristotle's errore *«t de 
toH, as shewn by Etmktm ami i mm Were gts\ e and 
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numerous. He affirmed tliat only -in man we had the heat¬ 
ing of the heart, that the left side of the body was colder 
than the right, that men have more teeth than women, and 
that there is an empty space at the back of every man’s 
head. 

There is one essential quality in physical conceptions 
which was entirely wanting in those of Aristotle and bis 
followers—a capability of being placed as coherent pictures 
before the mind. The Germans express the act of pictur- 
ing by the word vorstellen, and the picture they call a For- 
stellung. We have no word in English which comes nearer 
to our requirements than Imagination; and, taken with its 
proper limitations, the word answers very well. But it is 
tainted by its associations, and therefore objectionable to 
some minds. Compare, with reference to this capacity 
of mental presentation, the case of the Aristotelian, who 
refers the ascent of water in a pump to Nature's abhor¬ 
rence of a vacuum, with that of Pascal when he proposed 
to solve the question of atmospheric pressure by the ascent 
of the Puy de Dome. In the one case the terms of the 
explanation refuse to fall into place as a physical image; 
in the other the image is distinct, the descent and rise 
of the barometer being clearly figured beforehand as the 
balancing of two varying and opposing pressures. 

§3 

During the drought of the Middle Ages in Christen¬ 
dom, the Arabian intellect, as forcibly shown by Draper, 
was active. With the intrusion of the Moors into Spain, 
order, learning, and refinement took the place of their 
opposites. When smitten with disease, the Christian peas¬ 
ant resorted to a shrine, the Moorish one to an instructed 
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physician. The Arabs encouraged translations from the 
0-reek philosophers, but not from the Greek poets. They 
turned in disgust “from the lewdmum of our classical 
mythology, and denounced as an unpardonable blasphemy 
all connection between the impure Olympian Jove ami the 
Most High God.” Draper traces still further than Whow« 
ell the Arab elements in our scientific terms. lie gives 
examples of what Arabian men of science neeompliwhed, 
dwelling particularly on Albtuten, who was the first to 
correct the Platonic notion that rays of light arts emitted 
by the eye. Alhasen discovered atmospheric refraction, 
and showed that we see the sun and the moon after they 
have set. He explained die enlargement of the sun and 
moon, and the shortening of the vertical diameters of both 
these bodies when near the horiaou, He was aware that 
the atmosphere decreases in density with increase of eleva¬ 
tion, and actually fixed its height at 5HJ4 miles. In the 
“Book of tli© Balance of Window," he sets forth the con¬ 
nection between the weight of the atmosphere and its in¬ 
creasing density. He allows that a body will weigh differ¬ 
ently in a rare and dense atmosphere, and he considers 
the fore© with which plunged bodies rise through heavier 
media. He understood the doctrine of the centre of grav¬ 
ity, and applied it to the investigation of balances and 
steelyards. He recognised gravity as a force, though ho 
fell into the error of assuming it to difninwh simply ns 
the distance, and of making it purely terrestrial. Ho 
knew the relation between the velocities, spaces, ami times 
of falling bodies, and had distinct ideas of capillary attrac¬ 
tion. He improved the hydrometer. The determinations 
of the densities of bodies, as given by Alhaxen, approach 
^ery closely to our own. “I joi%f says Draper, "in the 
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oas prayer of Alhazen, that in the day of judgment the 
11-Merciful will take pity on the soul of Abur-Raihfin, 
icause he was the first of the race of men to construct 
table of specific gravities,” If all this bo historic truth 
nd I have entire confidence in Dr. Draper), well may 
> “deplore the systematic manner in which the literature 
Europe has contrived to put out of sight our scientific 
(ligations to the Mohammedans.” 1 
The strain upon the mind during the stationary period 
ward ultra-terrestrial things, to tho neglect of problems 
oso at hand, was sure to provoke reaction. But tho re- 
tion was gradual; for the ground was dangerous, ami 
power was at hand competent to crush the critic who 
ant too far. To elude this power, and still allow oppor- 
nifcy for the expression of opinion, tho doctrine of “two- 
Id truth” was invented, according to which an opinion 
ighfc he hold “theologically,” and the opposite opinion 
philosophically.” * Thus, in the thirteenth century, the 
cation of the world in six days, and tho unchangeable- 
(SB of the individual soul, which had boon so distinctly 
firmed by St. Thomas Aquinas, wore both denied phil- 
inphically, hut admitted to bo true as articles of the 
atholio faith. When Protagoras uttered the maxim which 
'ought upon him so much vituperation, that “opposite 
isertions are equally true,” he simply meant to affirm 
on’s differences to bo so great, that what was subject- 
ely true to tho one might be subjectively untrue to the 
her. Tho great Sophist never meant to play fast and 
oae with the truth by saying that one of two opposite 


1 “Intolloctunl I>ovplopracmt of Europe,” p. 88 ®. 
9 “Lange, 2d edit,, pp. 181, 182. 
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assertions, made by tho same individual, tumid possibly 
escape being a lie. It wan not "sophistry, M but tho dread 
of tbeologio vengeance, that general*.{ this double dealing 
with conviction; and it is astonishing to notion what 
lengths were allowed U> men wlm wens adroit in the nm 
of artifices of this kind. 

Toward the close of the (stationary jK'riml a word-wcari- 
ness, if I may so express® it, took more and morn posses, 
sion of men's minds. Christendom had breome «i«k of 
tho School Philosophy and its verbid wastes, which led 
to no issue, but left the intellect in everlasting hare, Here 
and there was heard tho voice of oats impatiently crying 
in tho wilderness, “Not unto ArbtotSr, n«»t unto subtle 
hypothesis, not unto Church, Bible, or blind tradition, 
must wo turn for a knowledge of tho univ«ro«\ but lathe 
direct investigation of Nature by observation and experi¬ 
ment.” In Ifrl.'i the epoch-marking wort of (’apernious 
on the paths of the heavenly bodies appeared. The total 
crash of Aristotle’! clewed universe, with the earth at its 
centre, followed as a consequence, and "The earth moves!” 
became a kind of watchword among intellectual freemen, 
Ooperniona was Canon of the ehureh of Frauen burg in the 
diocese of Krmeland. For three and*thirty years he had 
withdrawn himself from the world, and devoted himself 
to the consolidation of his groat sehetmt of the solar sys¬ 
tem. He made its blocks eternal; and even t« th«**r wlm 
feared it, and desired its overthrow, it wwi so obviously 
.strong that they refrained for a time from meddling with 
it. In the last year of the life of Copernicus his lawik 
appeared: it is said that the old num received a eupy 
of it a few -days below his death, and then departed in 
peace. 
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The Italian philosopher, Giordano Bruno, was one of 
■the earliest converts to the new astronomy. Taking Lu¬ 
cretius as his exemplar, he revived the notion of the in¬ 
finity of worlds; and, combining with it the doctrine of 
Oopemicus, reached the sublime generalization that the 
fixed stars are suns, scattered numberless through space, 
and accompanied by satellites, which bear the same rela¬ 
tion to them that our earth does to our sun, or our moon 
to our earth. This was an expansion of transcendent im¬ 
port; but Bruno came closer than this to our present line 
of thought. Struck with the problem of the generation 
and maintenance of organisms, and duly pondering it, he 
came to the conclusion that Nature, in her productions, 
does not imitate the technic of man. Her process is one 
of unravelling and unfolding. The infinity of forms un¬ 
der which matter appears was not imposed upon it by an 
external artificer; by its own intrinsic force and virtue 
it brings these forms forth. Matter is not the mere naked, 
empty capacity which philosophers have pictured her to 
be, but the universal mother, who brings forth all things 
as the fruit of her own womb. 

This outspoken man was originally a Dominican monk. 
He was accused of heresy and had to fly, seeking refuge 
in. Geneva, Paris, England and Germany. In 1592 he fell 
into the hands of the Inquisition at Venice. He was im¬ 
prisoned for many years, tried, degraded, excommunicated, 
and handed over to the Civil power, with the request that 
be should be treated gently, and “without the shedding 
of blood.” This meant that he was to be burned; and 
burned accordingly he was, on February 16, 1600. To 
©scape a similar fate Galileo, thirty-three years afterward, 
abjured upon his knees, with his hands upon the holy 
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Gospels, the heliocentric doctrine, which he knew to he 
true. After Galileo cam© Kepler, who from hi« German 
home defied the ultramontane power. Ho traced out from 
pre-existing observations the laws of planetary motion, 
Materials were thus prepared for Newton, who hound those 
empirical laws together by the principle of gravitation. 

§4 

In the seventeenth century Bacon mu! Doacartofi, tee 
restorers of philosophy, appeared in itmwwnm. Differ, 
ently educated and endowed, their philosophic tendencies 
were different. Bacon hold fast to Induction, Indieving 
firmly in the existence of an external world, arid making 
collected experiences the basis of ail knowledge. The 
mathematical studies of Descartes gave him a bias toward 
Deduction; and his fundamental principle wim much the 
same as that of Protagoras, who made the individual man 
the measure of all things. “I think, therefore i nm," said 
Descartes. Only hi# own identity was sum to him; and 
.tee full devekpment of this system would have led to an 
idealism, in which the outer world would have been re* 
solved hate a mere phenomenon ©f cattsctatisnrH*. Gas* 
sendi, one of Descartet's <mntemporaries, of whom we 
shall hear mow presently, quickly pointed out that the 
fact of personal existence would be proved on well by ref* 
eremoe to any other act, as to to© act of thinking. 1 eat, 
therefore I am, or I love, therefor© I am, would bt» quite 
as eonolimve. Lichtenberg, indeed, showed that the very 
thing to be proved was inevitably postulated in the lirat 
*two words, “1 think”; and it is plain that no inference 
Ires® the postdate could, by mj possibility, bo stronger 
than the postdate itself. 
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But Descartes deviated strangely: from the idealism im- 
lied in his fundamental principle. He was the first to 
sduce, in a manner eminently capable of bearing the test 
£ mental presentation, vital phenomena to purely mechan- 
ml principles. Through fear or love, Descartes was a 
ood churchman; he accordingly rejected the notion of an 
bom, because it was absurd to suppose that God, if He so 
leased, could not divide an atom; he puts in the place 
£ the atoms small round particles, and light splinters, out 
£ which he builds the organism. He sketches with mar- 
ellous physical insight a machine, with water for its mo¬ 
ve power, which shall illustrate vital actions. He has 
Lade clear to his mind that such a machine would be 
>mpetent to carry on the processes of digestion, nutri- 
on, growth, respiration, and the beating of the heart. It 
ould be competent to accept impressions from the ex- 
srnal sense, to store them up in imagination and mem- 
ry, to go through the internal movements of the appe- 
tes and passions, and the external movements of the 
mbs. He deduces these functions of his machine from 
Le mere arrangements of its organs, as the movement of 
clock, or other automaton, is deduced from its weights 
id. wheels. “As far as these functions are concerned,” 
3 says, “it is not necessary to conceive any other vegeta- 
ve or sensitive soul, nor any other principle of motion 
r of life, than the blood and the spirits agitated by the 
re which burns continually in the heart, and which is 
l nowise different from the fires existing in inanimate 
:>clies.” Had Descartes been acquainted with the steam- 
igine, he would have taken it, instead of a fall of water, 
* his motive power. He would have shown the perfect 
nalogy which exists between the oxidation of the food in 
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tla-e body, and that of tlwi mm\ in the fmnmm, H« would 
assuredly have antunpated Unym ia »iling the blood 
winch the heart diffuww "th« oil of the lamp of lift,* 1 
deducing all animal motion# from lit# ecwthtiatrott of thk 
oil, ob the motions of a otoam rngmo uni «Mtwd from 
the oombuntion of it# en»h A a the nmttor »tands, how¬ 
ever, and considering tlui eirewmntMuwii t*f the time, tlt« 
boldness, clearness, and pmusum, with which 
grasped the problem of vita! dynamic# e*mt*tiiut« a mar. 
vellous illustration of mud tonal j«»wrr.* 

During the Middle Agr» ilits ihwtritiP of Mom* had 
to all appearance vanished from thmnmmn. It probably 
held its ground among §wlirr-iti«Mi«l nn«! thoughtful mm, 
though neither the church nor i!»« vrorld mm prrjnirod to 
hear of it with tolerance. One#, in the fear 1*14#, it re¬ 
ceived distinct expression. But ruinu’tstMm by o«*mpolmun 
immediately followed; and,, thug d boot* raged, it pltuukwl 
till the seven toon th century, when it wmi r**%*ived by * con¬ 
temporary and friend of Hobbes of Malmesbury, ttir or¬ 
thodox Catholic provost of D»gtm, Qasstnwli. lt«l, before 
stating his relation to the Kpusarmn dt*otri*i*\ it will !»a 
well to say a few words tm the r4fr«t, m regard* sosenri*, 
of the general introduction of mtmothmtu ntromg Kun> 
pean nations. 

“Were men,’ * says Hume, “Imt Into tli# apprehension 
of invisible intelligent powar by miiil«tn|»latii»tt of the 
works of Nature, they ootitd sovnr pmsibly «uttmrt*ii» any 
conception but of one single Being, who btateiwwd mmt4> 
mm and order on this vast miahitt#, tad adjusted all it* 

' Huxle 3 r * 8 «dmtwW« M fc*»y m tommmS* 

804 , 005 * 
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parts to one regular system.” .Referring to the condition 
of the heathen, who sees a god behind every natural event, 
thus peopling the world with thousands of beings whose 
caprices are incalculable, Lange shows the impossibility 
of any compromise between such notions and those of 
science, which proceeds on the assumption of never-chang¬ 
ing law and causality. “But,” he continues, with charac¬ 
teristic penetration, “when the great thought of one God, 
acting as a unit upon the universe, has been seized, the 
connection of things in accordance with the law of cause 
and effect is not only thinkable, but it is a necessary con¬ 
sequence of the assumption. For when I see ten thou¬ 
sand wheels in motion, and know, or believe, that they 
are all driven by one motive power, then I know that I 
have before me a mechanism, the action of every part of 
which is determined by the plan of the whole. So much 
being assumed, it follows that I may investigate the struct¬ 
ure of that machine, and the various motions of its parts. 
For the time being, therefore, this conception renders 
scientific action free.” In other words, were a capricious 
God at the circumference of every wheel and at the end 
of every lever, the action of the machine would be incal¬ 
culable by the methods of science. But the actions of all 
its parts being rigidly determined by their connections and 
relations, and these being brought into play by a single 
motive power, then, though this last prime mover may 
elude me, I am still able to comprehend the machinery 
which it sets in motion. We have here a conception of 
the relation of Nature to its Author, which seems per¬ 
fectly acceptable to some minds, but perfectly intolerable 
to others. Newton and Boyle lived and worked happily 
under the influence of this conception; Goethe rejected it 

SOXENOE—VI—8 



lit) 


fhaoxkxts or xcn:s*'N 


with vehemence, ami the twine rejmgnanro to accepting 
it ia manifest in Carlyle.’ 

Thu analytic and synthetic tendencies of the human 
mind are traceable throughout h»*i“r>, great wnt«<w rung, 
ing thoinsulveH sometimes »*n the nm- md*\ sometimes t >» 
the other. Men of warm feeling u und numh open to the 
elevating impressions produced by nature m » whole, 
whoau satisfaction, therefore, m rather ethical tlmn log. 
leal, lean to the synthetic tmle; while the analytic bar* 
monizua beat with the more precise uml none mechanical 
bias which sucks the satisfaction of the understanding. 
Some form of pantheism win* tumidly adopted 1 *y the one, 
whilo a detached Creator, working more «*r lews after the 
manner of men, was often u**umed by the other. U an* 
sendi, aa sketched by Lunge, m hardly to be ranked with 
either. Having formally acknowledged t*»»d m the great 
first cause, ho immediately dropjnni the idea, applied the 
known laws of mechanics to the uIuiuh, and deduced from 
them all vital phenomena, He defended Kpuui us, and 
dwelt upon his purity, both of doctrine and *4 life. True 
he was a heathen, but so was Aristotle. Kpmuru* assailed 
superstition and religion, and rightly, because he did not 
know the true religion. IIu thought that the g.«L neither 
rewarded nor punished, and ho adored them purely m 
oonsequenoe of their completeness; here we nee, w»w Uus* 
sendi, the reverence of the child, instead of the fear of 


1 Boyle’s model of the universe wm the HinMburs rl*«k «uUi «u uiiiaute 
Artificer, Goethe, on the other hand, Mag- • 

“Ihitt idftmt'i dto Welt im Inttertt *u IwwwgisM, 

Nafcur la ileh, »ioh $u Nutur xu hs#***.” 

Bee also Oarlyle, “Pent and Present," oltajt, v. 
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the slave. The errors of Epicurus shall be corrected, and 
the body of his truth retained. Gassendi then proceeds, 
as any heathen might have done, to build up the world, 
and all that therein is, of atoms and molecules. God, 
who created earth and water, plants and animals, produced 
in the first place a definite number of atoms, which con¬ 
stituted the seed of all things. Then began that series of 
combinations and decompositions which now goes on, and 
which will continue in future. The principle of every 
change resides in matter. In artificial productions the 
moving principle is different from the material worked 
upon; but in nature the agent works within, being the 
most active and mobile part of the material itself. Thus 
this bold ecolesiastic, without incurring the censure of the 
church or the world, contrives to outstrip Mr. Darwin. 
The same cast of mind which caused him to detach the 
Creator from his universe, led him also to detach the soul 
from the body, though to the body he ascribes an influ¬ 
ence so large as to render the soul almost unnecessary. 
The aberrations of reason wore, in his view, an affair of 
the material brain. Mental disease is brain-disease; but 
then the immortal reason site apart, and cannot be touched 
by the disease. The errors of madness are those of the 
instrument, not of the performer. 

It may be more than a mere result of education, con¬ 
necting itself, probably, with the deeper mental structure 
of the two men, that the idea of Gassendi, above enunci¬ 
ated, is substantially the same as that expressed by Pro¬ 
fessor Olork Maxwell, at the close of the very able lect¬ 
ure delivered by him at Bradford in 1878. According to 
both philosophers, the atoms, if I understand aright, are 
prepared materials^ which, formed once for all by the 



Eternal, produce by thru- ».uh-< ■ {»<.■ ».t j*.i* ? t . ti..u u !| t j ie 
phenomena of the material wmid Tn» ■?» f M f w 

<1 iiTfrt'nt’t*, however, brt\v» m ‘ 2 »i -II. TU 

one puxtulatrx^ the other j =>>. ? • hot !*i • i « ;•.»*, In |,j 8 

"manufactured artieles," u*> h«- -.dS fh.- 
Maxwell finds the h;nlr« of an md a> !;• w hah cnaMeil 
him to scale jilah'.H*ij.hie h<’e*ht> . • . _•>. 1 . -1 in;i*-,-r?.,H?I»la 
by Kuut, amt to lake the h<ei* .u u y :o-m tm- atom* U) 
their Maker. 

Accepting here the lend«rdup .4 R .eo, 1 d*«uht the 
legitimacy of Maxwell's hyte, hut it ;•* impo-cdde 
to feel the ethic glow with wlu»h Ion 1.-. tu». .-on.-linles. 
There is, moreover, a very n..Me »!tam ,4 «•!,..|om«-r m 
his description of the Hteu>ifn»tu»-'«* »4 the «t*.},»■,. “Nhiiu- 
ral causes, as we know, are at w..rh, win. U t«-nd to in,„>,fy, 
if they do not at length destroy, nil tho msum i-m* nt.> ,»nd 
dimonsions of the earth and the whok „,.lar »*. ,t«-m Hut 
though in the course of agrs eano4i.*phi ■» ha\ e umal 
and may yet occur in the lioivriw, though mu out m .toms 
may bo dissolved and new systema « v..h« ,1 ,,ut <4 ij„. tr 
ruins, the molecules out of whirh ^,toi,u arr 1-mlt 

~~“th© foundation stones of the ntutet iai mm «•»irmuiu 
unbroken and unworn." 

The atomic doetrine, in whole or tu putt, was rotor* 
tained by Bacon, Descartes, Hobh.-s, |„n-k, % NY w ton, 
Boyle, and their bucccshow, until the «h.um.ud law of 
multiple proportions enabled Dalton u. confer upon it an 
entirely now significance. In our day there are f „-., 
from the theory, hut it still stands tin,* !„.„l,mjdi, 
Stoney, and Sir William Thomson have sought to deter¬ 
mine the sizes of the atoms, or rather to fU the him to 
between which their sizes lie; while Urn discourse* of Wil- 
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liamson and Maxwell delivered in Bradford in 1878 illus¬ 
trate the present hold of the doctrine upon the foremost 
scientific minds. In fact, it may be doubted whether, 
wanting this fundamental conception, a theory of the ma¬ 
terial universe is capable of scientific statement. 

§5 

Ninety years subsequent to Gassendi the doctrine of 
bodily instruments, as it may be called, assumed immense 
importance in the hands of Bishop Butler, who, in his 
famous “Analogy of Religion,” developed, from his own 
point of view, and with consummate sagacity, a similar 
idea. The Bishop still influences many superior minds; 
and it will repay us to dwell for a moment on his views. 
He draws the sharpest distinction between our real solves 
and our bodily instruments. lie does not, as far as I re¬ 
member, use the word soul, possibly because the term was 
so hackneyed in his day, as it had been for many gener¬ 
ations previously. But he speaks of “living powers,” 
“perceiving or percipient powers,” “moving agents,” 
“ourselves,” in the same sense as we should employ the 
term soul. He dwells upon tho fact that limbs may bo 
removed and mortal diseases assail tho body, the mind, 
almost up to the moment of death, remaining clear. He 
refers to sleep and to swoon, where the “living powers” 
arc suspended but not destroyed. He considers it quite 
as easy to conoeive of existence out of our bodies as in 
them; that wo may animate a succession of bodies, the 
dissolution of all of them having no more tendency to dis¬ 
solve our real solves, or “deprive us of living faculties-— 
the faculties of perception and action—than the dissolution 
of any foreign matter which we are capable of receiving 
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impressions from, or making mm of for the common mm* 
aions of life.” This is tl» key of the Hudiop's |HjmiUon* 
“oar organised bodies are n»» mure 11 part t»f ourselves 
than any other matter around u#.“ In proof of this b# 
calls attention to the use of which “prepare ob¬ 

jects” for the “percipient power” exnrily as the eye does. 
The eyo itself is no more jwretpieni than the glass; ii 
quite as much the instrument of the true self, and also 
as foreign to the true self, m the glass is. “And if we $m 
with our ®ym only in the same manner a* we do with 
glasses, the like may justly b« concluded from analogy 
o! all our sennas,” 

Lucretius, ai you are aware, reached » preemely nppo* 
site conclusion: and it certainly would he into rent mg, if 
not profitable, to m all, to hear what he would or could 
urge in opposition to tint remwming of the lti»hup As a 
brief discussion of the point will enable «« t>» mm the hear¬ 
ings of an important question, I will here permit a dis¬ 
ciple of Lucretius to try the strength of the !it»h«»p‘n j M »si. 
lion, and then allow the Bishop to retaliate, with the View 
o£ rolling buck, If he ©am, the difficulty upon Lucretius, 

The argument might proceed tt» this fashion: 

“Subjected to the tost of mental presentation (IWnfeb 
Img), your views, most honored prelate, would offer to 
many minds a great* H net m insuperable, difficulty. tm 
speak of %dng powers,* ‘preipkmt or perceiving powers,* 
and 4 ourselves’j but can you form a mental picture of any 
oi these, apart from th# organism through which it t« sup- 
pbsed to act? Test yourself honoatty, and mm whether you 
P 0 **®" “y ^“1‘y tb»t would euubkt y.m f..rm »urh 
*, conception. Tim true wU ha. * km.) h.lMtot,..., m . ... U 
ol ngj ttaw looaUswd, mart it dot jk#w»» » l ur m? K m>, 
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stroke have been much longer in the same state; and in¬ 
deed in cases of ordinary concussion of the brain, days 
may elapse during which no experience is registered in 
consciousness. Where is the man himself during the 
period of insensibility? You may say that I beg the ques¬ 
tion when I assume the man to have been unconscious, 
that he was really conscious all the time, and lias simply 
forgotten what had occurred to him. In reply to this, 
I can only say that no one need shrink from the worst 
tortures that superstition ever invented, if only so felt and 
so remembered. I do not think your theory of instru¬ 
ments goes at all to the bottom of the matter. A tele¬ 
graph operator has his instruments, by means of which he 
converses with the world; our bodies possess a nervous 
system, which plays a similar part between the perceiving; 
power and external things. Out the wires of the operator, 
break his battery, demagnetize his needle; by this meant? 
you certainly sever his connection with the world: but, 
inasmuch as these are real instruments, their destruction 
does not touch the man who uses them. The operator 
survives, and he knows that he survives. What is thorn, 

I would ask, in the human system that answers to this 


conscions survival of the operator when the battery of the 
brain is so disturbed as to produce insensibility, or when 
it is destroyed altogether? 


Another consideration, which you may regard ofi 
slight, presses upon me with some force. The brain may 
change from health to disease, and through suoh a change 
e most exemplary man may be converted into a do- 
tachee or a murderer. My very noble and approved 
^Od Baastor had as yon know, threatenings of lowdneaa 
introduced into his brain by his jealous wife's philter; and 
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sooner than permit himself to run even the risk of yield¬ 
ing to these base promptings he slew himself. How could 
the hand of .Lucretius have been thus turned against him* 
self if the real Luoretius remained as before? Oan the 
brain, or can it not, act in this distempered way without 
the intervention of the immortal reason? If it can, then 
it is a prime mover which requires only healthy regula¬ 
tion to render it reasonably self-acting, and there is no 
apparent need of your immortal roason at all. If it can¬ 
not, tlion the immortal roason, by its mischievous activity 
in operating upon a broken instrument, must have the 
credit of committing every imaginable extravagance and 
crime. I think, if you will allow me to say so, that the 
gravest consequences are likely to flow from your esti¬ 
mate of the body. To regard the brain as you would a 
staff or an eyeglass-—to shut your eyes to all its mystery, 
to the perfect correlation of its condition and our con¬ 
sciousness, to the fact that a slight excess or defect of 
blood in it produces the very swoon to which you refer, 
and that in relation to it our meat, ami drink, and air, ami 
exorcise, have a perfectly transcendental value and sig¬ 
nificance—to forgot all this does, I think, open a way to 
innumerable errors in our habits of life, and may possibly, 
in some oases, initiate and foster that very disease, and 
consequent mental ruin, which a wiser appreciation of this 
mysterious organ would have avoided.” 

I can imagine the Bishop thoughtful after hearing this 
argument, lie was not the man to allow anger to mingle 
with the consideration of a point of this kind. After duo 
reflection, and having strengthened himself by that lam¬ 
est contemplation of the facts which was habitual with 
him, and which includes the desire to give even adverse 
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reasonings their due wght, I can suppose the Bishop 
to proceed thus: “You will remember ^ ln ' 

og/of Beligion,’ of which you have so kmdly «!»*•», 
Idid not profess to prove anything absolutely, and tl 
over and over again acknowledged and insisted on tfe 
smallness of our knowledge, or rather the depth of «nr 
ignorance, as regards the whole system of the nniven*. 
My object was to show my deistical friends, who set ort t 
so eloquently the beauty and beneficence of Nature mnl 
the Euler thereof, while they had nothing but scorn for 
the so-called absurdities of the Christian scheme, that they 
were in no better condition than we were, and that, tot 
every difficulty found upon our side, quite as great a difll* 
cully was to be found upon theirs. I will now, with your 
permission, adopt a similar line of argument. You are 
a Lucretian, and from the combination and separation of 
insensate atoms deduce all terrestrial things, including 
organic forms and their phenomena. Let me tell you in 
the first instance how far I am prepared to go with you* 
I admit that you can build crystalline forms out of this 
play of molecular force; that the diamond, amethyst, and 
snow-star are truly wonderful structures which are tku* 
produced. I will go further and acknowledge that oven 


a tree or flower might in this way be organized. Nay, 
if you can show me an animal without sensation, X will 
concede to you that it also might be put together by the 
suitable play of molecular force. 


Thus far our way is clear, but now comes my dif¬ 
ficulty. Your atoms are individually without sensation, 
much more are they without intelligence. May I ask 
you, then, to try your hand upon this problem. Take 
dead hydrogen atoms, your dead oxygen atoms, 
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your dead carbon atoms, your dead nitrogen atoms, your 
dead phosphorus atoms, and all the other atoms, dead as 
grains of shot, of which the brain is formed. Imagine 
them separate and sensationless; observe them running 
together and forming all imaginable combinations. This, 
as a purely mechanical process, is seeable by the mind. 
But can you see, or dream, or in any way imagine, how 
out of that mechanical act, and from these individually 
dead atoms, sensation, thought, and emotion are to rise? 
Ar p, you likely to extract Homer out of the rattling 
of dice, or the Differential Calculus out of the clash of 
billiard-balls? I am not all bereft of this Vorstellungs- 
Kraft of which you speak, nor am I, like so many of my 
brethren, a mere vacuum as regards scientific knowledge. 
I can follow a particle of musk until it reaches the olfac¬ 
tory nerve; I can follow the waves of sound until their 
tremors reach the water of the labyrinth, and set the oto¬ 
liths and Corti’s fibres in motion; I can also visualize the 
waves of ether as they cross the eye and hit the retina. 
Hay more, I am able to pursue to the central organ the 
motion thus imparted at the periphery, and to see in idea 
the very molecules of the brain thrown into tremors. My 
insight is not baffled by these physical processes. What 
baffles and bewilders me is the notion that from those 
physical tremors things so utterly incongruous with them, 
as sensation, thought, and emotion, can be derived. You 
may say, or think, that this issue of consciousness from 
the clash of atoms is not more incongruous than the flash 
of light from the union of oxygen and hydrogen. But I 
beg to say that it is. For such incongruity as the flash 
possesses is that which I now force upon your attention. 
The “flash” is an affair of consciousness, the objective 



counterpart of whioli is a vibration. It » a flwtli only by 
your interpretation. You are the cmuno of the apparent 
incongruity; and you are the thing that pttmitw me, J 
need not remind you that the great Lcthniu felt the djflb 
culty which I feel; and that, to get rid of this monstrous 
deduction of life from death, he ilippliiretl your aimna by 
his monads, which were more or leu# |*erfect mirrora of 
tho universe, and out of the imm maiiou and integration 
of which ho supposed all tho phenomena of life— mmtiont, 
intellectual, and emotional—to arise. 

“Your difficulty, then, an I see you arc ready to admit, 
is quite as great as mine. You can not mtinty tlso human 
understanding in its demand for logical continuity between 
molecular processes and the phenomena of eimmdmmmm 
This is a rock on which Materia limn tsttnti inevitably apht 
whenover it pretends to bo a complete philosophy i»f bfi\ 
What is tho moral, my Luarelimt ? You mid I «*© not 
likely to indulge in ill-temper in the di»eu#si«ui of thcaa 
great topics, where wo sen ho much room f*»r hornet differ¬ 
ences of opinion. But there arc pop!© of h» mil or m „ w 
bigotry (I say it with humility), on \mh ait!**, who are 
ever ready to mingle anger and vitu^ratitm with mwh dm- 
cussions. There are, for example, writer* of nolo and in- 
fluenoe at the present day who are not whanm! publicly 
to assume the ‘deep personal ain' of a groat logician to \m 
the cause of his unbelief in a thoologto dogma, * Ami 


& T 0timtlQr WU,0h **“ ^ Mitofg Ite 
predated to hie reader* the tnemoiy of Mm mm MM. I mn nulf mt u*l 

'■ztLxi'zzzr, 
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there are others who hold that we, who cherish our noble 
Bible, wrought as it has been into the constitution of our 
forefathers, and by inheritance into us, must necessarily 
be hypocritical and insincere. Let us disavow and dis¬ 
countenance such people, cherishing the unswerving faith 
that what is good and true in both our arguments will be 
preserved for the benefit of humanity, while all that is 
bad or false will disappear.” 

I hold the Bishop’s reasoning to be unanswerable, and 
his liberality to be worthy of imitation. 

It is worth remarking that in one respect the Bishop 
was a product of his age. Long previous to his day the 
nature of the soul had been so favorite and general a 
topic of discussion that, when the students of the Italian 
Universities wished to know the leanings of a new Pro¬ 
fessor, they at once requested him to lecture upon the 
soul. About the time of Bishop Butler the question was 
not only agitated, but extended. It was seen by the 
clear-witted men who entered this arena that many of 
their best arguments applied equally to brutes and men. 
The Bishop’s arguments were of this character. He saw 
it, admitted it, took the consequence, and boldly embraced 
the whole animal world in his scheme of immortality. 

§ 6 

Bishop Butler accepted with unwavering trust the 
chronology of the Old Testament, describing it as “con¬ 
firmed by the natural and civil history of the world, col¬ 
lected from common historians, from the state of the 
earth, and from the late inventions of arts and sciences.’* 
These words mark progress; and they must seem some¬ 
what hoary to the Bishop’s successors of to-day. It is 
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hardly necessary to Inform you that mime hm time the do- 
main of the naturalist has been immensely extended—the 
whole science of geology, with its astounding revelations 
regarding the life of tlm ancient earth, having been 

created. The rigidity of old conception* has kum re. 

laxod, the public mind being rendered gradually tolar- 
ant of the idea that not for six thousand, nor for sixty 
thousand, nor for six thousand thousand, but for eons 
embracing untold millions of years, tliis earth 1ms been 
the theatre of life and death. The riddle of tlm rocks 

has boon road by the geologist and paleontologist, from 

siib-cambrian depths to the deposit* thickening ovur the 
sea-bottoms of to-day. And ujion the leaves of that stone 
book arc, as you know, stamped the character*, plainer 
and surer than those formed by the ink of history, which 
carry the mind back into abysses of past time, compared 
with wliic.h the periods which satisfied litslmp Butler 
ooaso to have a visual angle. 

Tho lode of discovery once struck, those {m trilled forma 
in which life was at mm time active, inoriuised to multi¬ 
tudes and demanded classidnatimt. They were grouped in 
genera, species, and varieties, according to the degree of 
similarity subsisting between them, Thus confusion was 
avoided, each object being found in tlm pigeon hole ap¬ 
propriated to it and to its fellows of similar morpholog¬ 
ical ojr physiological character. The general fact mmn be¬ 
came evident that none but the nirapkat form* of life lie 
lowest down; that, m we climb higher among tlm sujH’r- 
imposed strata, more perfect forma appear. The rhungc, 
however, from form to form was not continuous, but by 
steps—some small, tome great 11 A section, M nays Mr. 
Huxley, “a hundred feet thick will exhibit at different 
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heights a dozen species of Ammonite, none of which 
passes beyond tbe particular zone of limestone, or clay, 
into tbe zone below it, or into tbat above it.” In tbe 
presence of sucb facts it was not possible to avoid tbe 
question: Have these forms, showing, though in broken 
stages, and with many irregularities, this unmistakable 
general advance, been subjected to no continuous law of 
growth or variation? Had our education been purely 
scientific, or had it been sufficiently detached from influ¬ 
ences which, however ennobling in another domain, have 
always proved hinderances and delusions when introduced 
as factors into the domain of physics, the scientific mind 
never could have swerved from the search for a law of 
growth, or allowed itself to accept the anthropomorphism 
which regarded each successive stratum as a kind of me¬ 
chanic’s bench for the. manufacture of new species out of 
all relation to the old. 

Biased, however, by their previous education, the great 
majority of naturalists invoked a special creative act to ac¬ 
count for the appearance of each new group of organisms. 
Doubtless numbers of them were clear-headed enough to 
gee that this was no explanation at all—that, in point of 
fact, it was an attempt, by the introduction of a greater 
difficulty, to account for a less. But, having nothing to 
offer in the way of explanation, they for the most part 
held their peace. Still the thoughts of reflecting men nat¬ 
urally and necessarily simmered round the question. De 
Maillet, a contemporary of Newton, has been brought into 
notice by Professor Huxley as one who “had a notion of 
the modifiability of living forms.” The late Sir Benjamin 
Brodie, a man of highly philosophic mind, often drew my 
attention to the fact that, as early as 1794, Charles Dai> 
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win’s grandfather was the pioneer of Charles -Darwin* 1 In 
1801, and in subsequent years, the celebrated Lamarck, 
who, through the vigorous exposition of his views by the 
author of the “Vestiges of Creation,” rendered the public 
mind perfectly familiar with the idea of evolution, endeav* 
ored to show the development of species out of changes 
of habit and external condition. lit 1818 Dr, Wells, the 
founder of our present theory of Dow, read before the 
koyal Society a paper in which, to use the words of Mr, 
Darwin, “he distinctly recognizes the principle of natural 
selection; and this is the first recognition that has been 
indicated.” The thoroughness and skill with which Wells 
pnrsned his work, and the obvious independence of his 
character, rendered him long ago a favorite with me; and 
it gave me the liveliest pleasure to alight upon this addi¬ 
tional testimony to his penetration. Professor Grant, Mr. 
Patrick Matthew, Von Buch, the author of the “Vestiges,” 
D’Halloy, and others, by the enunciation of opinions more 
or i- ess clear and correct, showed that the question had 
been fermenting long prior to the year 1858, when Mr. 
Darwin and Mr. "Wallace simultaneously, but indopend- 
en %? placed their closely concurrent views before the 
Dinnean Society.* 


These papers were followed in 1859 by the publication 
°f the first edition of the “Origin of Speoies.” All great 
| * n ^ 8 corae slowly to the birth. Copernicus, as I in* 
°rmed you, pondered his great work for thirty-throe yearn. 


' f “Zoonomia,” vol. i. pp. 500-510. ~X 

ip ?® rbert s P encer (“Principles of Psychology,” 2d edit. vol. 

^ b , elief that " fe UDder aU arisen by *» 

causes ” Thia ’ and J^ rou 8 h the instrumentality of what are called imiural 
Tlua waa my belief also at that time. 
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Newton for nearly twenty years kept the idea of Gravita¬ 
tion before his mind; for twenty years also he dwelt upon 
his discovery of Fluxions, and doubtless would have con¬ 
tinued to make it the object of his private thought, had 
he not found Leibnitz upon his track. Darwin for two- 
and-twenty years pondered the problem of the origin of 
species, and doubtless he would have continued to do so 
had he not found W allace upon his track. 1 A concen¬ 
trated, but full and powerful, epitome of his labors was 
the consequence. The book was by no means an easy 
one; and probably not one in every score of those who 
then attacked it, had read its pages through, or were com¬ 
petent to grasp their significance if they had. I do not 
say this merely to discredit them: for there were in those 
days some really eminent scientific men, entirely raised 
above the heat of popular prejudice, and willing to accept 
any conclusion that science had to offer, provided it was 
duly backed by fact and argument, who entirely mistook 
Mr. Darwin’s views. In fact, the work needed an ex¬ 
pounder, and it found one in Mr. Huxley. I know noth¬ 
ing more admirable in the way of scientific exposition than 
those early articles of his on the origin of species. He 
swept the curve of discussion through the really signifi¬ 
cant points of the subject, enriched his exposition with 
profound original remarks and reflections, often summing 
up in a single pithy sentence an argument which a less 
compact mind would have spread over pages. But there 
is one impression made by the book itself which no ex¬ 
position of it, however luminous, can convey; and that 


1 The behavior of Mr. Wallace in relation to this subject has been dignified 
in the highest degree. 
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is the impression of the vast amount <>f labor, both of 
observation and of thought, implied us tin production, 
Let us glance at its principle*, 

•It is conceded cm all hand* that what are nailed “va¬ 
rieties” aro continually produced. The rule m probably 
without exception. No chink, or child, m »n all respects 
and particulars the counterpart of its brother ami winter; 
and in huoIi dUterenw# w« have " variru ” incipient, No 
naturalist could tell how far tins varminm rmitd \m ear. 
ried; but the great mass of thorn held that never, by any 
amount of internal or external change, m»r by the mixture 
of both, could the offspring of the mmv progenitor so far 
deviate from each other m t«» eunsiitute di liferent »|w«ie«, 
The function of the experimental philosopher is to com¬ 
bine the conditions of Nature and to produce her results; 
and this was the method of Darwin.' lie made himmilf 
acquainted with what could, without any manner of doubt, 
be done in the way of producing variation. lie niworiiited 
himself with pigeon * fancier* -1 >» night, brggc.l, kept, and 
observed every breed that he eon id obtain. Though dm 
rived from & common stock, the diversities **f these pigeons 
were such that “a acorn of them might t« clnweti which, 
if shown to an omthologkt, and lie were told that they 
were wild birds, would certainly Ik* ranked by him as 
well-defined spedea.” The simple principle which guides 
the pigeon-fancter, as it docs the cattle breeder, in the 
selection of some variety that strikes tin* fancy, and the 
propagation of this variety by inheritance. W tib ion eye 

r « stop wly toward «q^rt»«nial 4*tttn«4»ir»u<*a Im».» Imvft 
Bxpartmeato uow bogaa might, a etmpto *4 r>»tmeir« !»**,<*>, tor*».*h tt*J* of 
jaofcUmkbto vtiuft, wMqh ought to to miwlMd i« ito •T4»nr« nf 0*c* tiilun, 
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directed to tlie particular appearance which, he wishes 
:aggerate, he selects it as it reappears in successive 
Is, and thus adds increment to increment until an 
ishing amount of divergence from the parent type is 
ed. The. breeder in this case does not produce the 
'its of the variation. He simply observes them, and 
lection adds them together until the required result 
>een obtained. “No man,” says Mr. Darwin, “would 
try to mate a fantail till he saw a pigeon with a tail 
oped in some slight degree in an unusual manner, 
pouter until he saw a pigeon with a crop of unusual 
’ Thus nature gives the hint, man acts upon it, and 
e law of inheritance exaggerates the deviation, 
aving thus satisfied himself by indubitable facts that 
rganization of an animal or of a plant (for precisely 
me treatment applies to plants) is to some extent 
c, he passes from variation under domestication to 
tion under nature. Hitherto we have dealt with the 
g together of small changes by the conscious selec- 
of man. Can Nature thus select? Mr. Darwin’s 
jr is, “Assuredly she can.” The number of living 
9 produced is far in excess of the number that can 
pported; hence at some period or other of their lives 
must be a struggle for existence. And what is the 
ible result ? If one organism were a perfect copy of 
ther in regard to strength, skill, and agility, external 
tions would decide. But this is not the case. Here 
j,ve the fact of variety offering itself to nature, as in 
ormer instance it offered .itself to man; and those 
;ies which are least competent to cope with surround- 
onditions will infallibly give way to those that are 
Competent. To use a familiar proverb, the weakest 
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goes to the wall. But the triumphant fraction again 
breeds to over-production, transmitting the qualities which 
secured its maintenance, but transmitting them in differ- 
ent degrees. The struggle for food again supervenes, and 
those to whom the favorable quality has been transmitted 
in excess, will triumph an before. 

It is easy to see that we have here the addition of in* 
crementa favorable to the individual, still more rigorously 
carried out than in the ease of domestication; for not only 
are unfavorable specimens net selected by nature, but they 
are destroyed. This is what Mr. Darwin calls “Natural 
Selection,” which acts by the preservation ami nccumula* 
tion of small inherited modifications, tm«h profitable to 
the preserved being. With this idea he interfamotrates 
and leavens the vast store of facta that he ami others have 
collected. We cannot, without shutting our ©yes through 
fear or prejudice, fail to see that Darwin w here dealing, 
not with imaginary, but with true causes; nor ran we fail 
to discern what vast modifications may \m produced by 
natural selection in periods sufficiently long. Kurh indi¬ 
vidual increment may resemble what mathematicians call 
a "differential” (a quantity indefinitely small); but definite 
and great changes may obviously be produced by the 
integration of these infinitesimal quantities, through prac¬ 
tically infinite time. 

If Darwin, like Bruno, rejects the notion of creative 
power, acting after human fashion, it certainly is not be¬ 
cause he is unacquainted with the numberless exquisite 
adaptations, on which this notion of a supernatural Artifi¬ 
cer has been founded. His book l» a repository of the 
most startling faots of this description. Take the marvel- 
•lous observation which he cites from Dr. Krtigar, where 
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bucket, with an aperture serving as a spout, is formed 
an orchid. Bees visit the flower: in eager search of 
iterial for their combs, they push each other into the 
ckefc, the drenched ones escaping from their involuntary 
bh by the spout. Here they rub their backs against the 
icid stigma of the flower and obtain glue; then against 
i pollen-masses, which are thus stuck to the back of the 
3 and carried away. “When the boo, so provided, flies 
another flower, or to the same flower a second time, and 
pushed by its comrades into the bucket, and then crawls 
i by the passage, the pollen-mass upon its hack nuees- 
ily comes first into contaot with the viscid stigma," 
ich takes up the pollen; and this is how that orchid 
fertilized. Or take this other case of the Catasetum. 
cos visit these flowers in order to gnaw the lubcllum; 
doing this they inevitably touch a long, tapering, stmsi- 
o projection. This, when touched, transmits a Benga¬ 
li or vibration to a certain membrane, which is instantly 
)turod, sotting free a spring, by which the pollcm-mass 
ahot forth like an arrow in the right direction, and ad- 
*os by its viscid extremity to the hack of the boo." In 
8 way the fertilizing pollen is spread abroad. 

It is the mind thus stored with the choicest materials 
the toleologist that rejects teleology, seeking to refer 
me wonders to natural oauses. They illustrate, accord* 

; to him, the method of nature, not the “technic" of 
nanliko Artificer. The beauty of flowers is due to nat* 
J selection. Those that distinguish themselves by viv 
y contrasting colors from the surrounding green leaves 
most readily seen, most frequently visited by insects, 
sfc often fertilized, and hence most favored by natural 
action. Colored berries also readily attract the atteu- 
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tion of birds and beasts, which feed upon them, spread 
their manured amain abroad, thus giving liven and shrubs 
possessing such berries u greater ehimeo in the struggle 
for existence. 

With profound analytic and synthetic skill, Mr. Bar. 
win investigates the cell-making instinct of the hive-hoo, 
iris method of dealing with it in represmtutivo. He falls 
back from the morn perfectly i*> the le.^ perfertly dcvel* 
oped instinct-—from the hivedve to the humble bee, which 
nscs its own cocoon as a emub, and t«* climm-H <.f Uvh of 
intermediate skill, endeavoring to show how the pussage 
might bo gradually made from tin* lowest u* the highest, 
Thu saving of wax is the m*.«t important point in the 
economy of bees. Twelve tn tift«;ru pounds of tin sugar 
aro said to bo needed for the secretion ..f n sim.de ponml 
of wax. The quantities of neeiar iiotv am for the wax 
must therefore he vast; ami every impr>nmient of een. 
structivo instinct whieh results in the suv inc of wax in 
a direct pro lit to tlio insert's bfe, The time that would 
otherwise bo devoted fcu the milling of win b devoted 
to tho gathering and storing of honey f«*r winter food. 
Mr. Darwin passes from tho humble bn* with its rude 
cells, through tho Melipmm with iu more nrtiMtm eel la, 
to the hive-boo with its astonishing*: arehiteeture. The 
bees place themselves at equal distances apart upon tho 
wax, sweep and excavate equal spheres round the selected 
points. Tho spheres intersect, and the plant's of intersec¬ 
tion are built up with thin lamina*. Hexagonal cells are 
thus formed. This mode of treating SUeh questions is, 
as I have said, representative. The expositor habitually 
retires from the more perfect and complex, to the less per¬ 
fect and simple, and carrion you with him through stages 
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'perfecting —adds increment to increment of infinitesimal 
ange, and in this way gradually breaks down your re- 
itance to admit that the exquisite climax of the whole 
ild be a result of natural selection. 

Mr. Darwin shirks no difficulty; and, saturated as the 
iject was with his own thought, he must have known, 
bter than his critics, the weakness as well as the strength 
his theory. This of course would be of little avail were 
i object a temporary dialectic victory, instead of the es- 
dishment of a truth which he means to be everlasting. 
Lt he takes no pains to disguise the weakness he has 
icerned; nay, he takes every pains to bring it into the 
ongest light. His vast resources enable him to cope 
th objections started by himself and others, so as to 
,ve the final impression upon the reader’s mind that, if 
ij be not completely answered, they certainly are not 
al. Their negative force being thus destroyed, you are 
e to be influenced by the vast positive mass of evidence 
is able to bring before you. This largeness of knowl - 
ge, and readiness of resource, render Mr. Darwin the 
>st terrible of antagonists. Accomplished naturalists 
ve levelled heavy and sustained criticisms against him 
aot always with the view of fairly weighing his theory, 
t with the express intention of exposing its weak points 
ly. This does not irritate him. He treats every objec- 
n with a soberness and thoroughness which even Bishop 
Ltler might be proud to imitate, surrounding each fact 
th its appropriate detail, placing it in its proper rela- 
ns, and usually giving it a significance which, as long 
it was kept isolated, failed to appear. This is done 
hout a trace of ill-temper. He moves over the subject 
th the passionless strength of a glacier; and the grind- 
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ing of the rocks is not always without a eoaotorpn fa 
the logical pulverization of the objector. But though fa 
handling this mighty theme all passion ha* b#e» rtUty 
there is an emotion of the intellect, incident to tfw 4i> 
comment of new truth, whioh often colors mul warns th 
pages of Mr. Darwin. His suoooss has g*r»^i; «i 

this implies not only the solidity of his work, but itm p» 
paredness of the public mind for such » revelation, Of 
this head, a remark of Agassiz impressed ntu more itw 
anything else.' Sprung from a race of theologian**, tbi 
celebrated man combated to the last the theory of 
selection. One of the many times I had the pleasure o 
meeting him in the United States was at Mr. WtMthrop’ 
beautiful residence at Brookline, near Boston. Hmiuj 
from luncheon, we all halted, as if by common consul 
in front of a window, and continued there » dU*cti««tni 
which had been started at table. The maple wait iu it 
autumn glory, and the exquisite beauty of the mmmn mu 
side seemed, in my case, to interpenetrate without d* Uurh 
ance the intellectual action. Earnestly, almost undly, Af t m 
mz turned, and said to the gentlemen standing round, *' 
confess that I was not prepared to see this theory rer.’iv** 
as it has been by the best intellects of our time.* It* «ua 
cess is greater than I could have thought postubUs,** 


gran< ^ generalizations have been nwl i«h! 
Anath 6017 ,° f ori S in °f species is but one of thrtn 
rnrnro, Ti tt T 1 wider gras P an d more radical tdgfttf! 
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j,” to an extent not hitherto recognized, exacting from 
ry antecedent its equivalent consequent, from every 
sequent its equivalent antecedent, and bringing vital 
well as physical phenomena under the dominion of 
law of causal connection which, so far as the human 
lerstanding has yet pierced, asserts itself everywhere 
nature. Long in advance of all definite experiment 
>n the subject, the constancy and indestructibility of 
bter had been affirmed; and all subsequent experience 
tified the affirmation. Mayer extended the attribute of 
estructibility to energy, applying it in the first instance 
inorganic, 1 and afterward with profound insight to or- 
dc nature. The vegetable world, though drawing all 
nutriment from invisible sources, was proved incom- 
ent to generate anew either matter or force. Its mat- 
is for the most part transmuted gas; its force trans- 
ned solar force. The animal world has proved to be 
L ally uncreative,, all its motive energies being referred 
the combustion of its food. The activity of each ani- 
L, as a whole, was proved to be the transferred activity 
ts molecules. The muscles were shown to be stores of 
ffianical energy, potential until unlocked by the nerves, 
L then resulting in muscular contractions. The speed 
which messages fly to and fro along the nerves was de- 
nined by Helmholtz, and found to be, not, as had been 
viously supposed, equal to that of light or electricity, 

; less than the speed of sound—less even than that of 
eagle. 

This was' the work of the physicist: then came the 


Dr. Berthold has shown that Leibnitz had sound views regarding the 
lervation of energy iu inorganic nature. 

Science —VI—9 


reveiumg uuu dux *'*»u?uiuu, 

of every organ in the whole biological series, from the 
lowest zoophyte up to man. The nervous system had 
been made the object of profound and continued study, 
tlio wonderful and, at bottom, entirely mysterious control- 
ling power wiiieh it exercises over the whole organism, 
physical and mental, being recognized more and more. 
Thought could not bo kept bark from a subject ho pro¬ 
foundly suggestive. Braidea the physical life dealt with 
by Mr. Darwin, there is a psychical life presenting similar 
gradation a, and unking equally for u solution, How are 
tho different grades atul orders of Mind to lie urrounted 
for? What ia the principle of growth of that mysterious 
power which on our planet culminates in Unison ? These 
are quoationa whieh, though not thruMme timmselves so 
foreilily upon the attention of the gi-m-ml puldie, had not 
only occupied many rrlleetmg minds, hut had iireu for- 
mally broached by one of them before the "Origin of 
Species” appeared. 

With the mass of materials furnished by the physicist 
and physiologist in hia hands, Mr. Herbert spencer, twenty 
years ago, nought to graft upon this basis a system of psy¬ 
chology; and two years ago a seeond and greatly ampli¬ 
fied edition of hia work appeared. Those who have oeeu- 
pied themselves with the beautiful experiments of Plateau 
will remember that when two spherules of ohve ml, sus¬ 
pended in a mixture of alcohol and water of the same 
density as the oil, are brought together, they do not im¬ 
mediately unite. Something like a petlude appears to he 
formed around the drops, the rupture of whieh is imme¬ 
diately followed by the coalescence of the globules into 
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one. There are organisms whose vital actions are almost 
as purely physical as the coalescence of such drops of oiL 
They come into contact and fuse themselves thus together* 
From such organisms to others a shade higher, from these 
to others a shade higher still, and on through an ever- 
ascending series, Mr. Spencer conducts his argument. 
There are two obvious factors to be here taken into ac¬ 
count—tho creatu.ro and the medium in which it lives, or, 
as it is often expressed, the organism and its environment. 
Mr. Spencer’s fundamental principle is, that between these 
two factors there is incessant interaction. The organism 
is played upon by tho environment, and is modified to 
meet the requirements of the environment. Life he de¬ 
fines to be “a continuous adjustment of internal relations 
to external relations.” 

In tho lowest organisms we have a kind of tactual 
sense diffused over the entire body; then, through im¬ 
pressions from without and their corresponding adjust¬ 
ments, special portions of the surface become more re¬ 
sponsive to stimuli than others. The senses are nascent, 
tho basis of all of thorn being that simple tactual sense 
which the sago Democritus recognized 2,800 years ago as 
their common progenitor. The action of light, in the first 
instance, appears to be a mere disturbance of the chemical 
prooeases in the animal organism, similar to that which 
occurs in tho leaves of plants. By degrees the action be¬ 
comes localized in a few pigment-cells, more sensitive to 
light than tho surrounding tissue. The eye is incipient 
At first it is merely capable of revealing differences of 
light and shade produced by bodies close at hand. Fol¬ 
lowed, as the interception of the light commonly is, by 
the contact of the closely adjacent opaque body, sight in 
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this condition becomes a kind of “anticipatory touch.” 
The adjustment continues; a slight bulging out of the 
epidermis over the pigment-granules supervenes. A lena 
ia incipient, and, through the operation of infinite adjust¬ 
ments, at length reaches the perfection that it displays in 
tho hawk and eagle. So of the other senses; they arc 
special dilTorontialiens of a tissue which was originally 
vaguely sensitive all over. 

With tho development of the senses, the adjustments 
botwoon tho organism and its environment gradually ex¬ 
tend in space, a multiplication of experiences and a corre¬ 
sponding modification of conduct being the result. Thu 
adjustments also extend in thnr, covering continually 
greater intervals. Along with this extension in space 
and time the adjustments also increase in speciality and 
complexity, passing through the various grades of brute 
life, and prolonging themselves into the domain of rea¬ 
son. Very striking nre Mr. Spencer’s remarks regarding 
tho influence of tho sense of touch upon the development 
of intelligence. This is, ho to say, the mother tongue of 
all the senses, into which they must he translated to ho 
of service to tho organism. Ilimoe its importance. Tho 
parrot is the most intelligent of birds, and its taetual 
powor is also greatest. From this sense it gets knowl¬ 
edge, unattainable by birds which cannot employ their 
feet as hands. The elephant is tho most sagacious of 
quadrupeds—its tactual range and skill, and the. conse¬ 
quent multiplication of experiences, which it owes to its 
wonderfully adaptable trunk, being the basis of its sagac¬ 
ity. Feline animals, for a similar cause, are more saga¬ 
cious than hoofed animals—atonement being to some ex¬ 
tent made, in the ease of the horse, by the possession of 
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sensitive prehensile lips. In the Primates the evolution 
of intellect and the evolution of tactual appendages go 
hand in hand. In the most intelligent anthropoid apes 
we find the tactual range and delicacy greatly augmented, 
new avenues of knowledge being thus opened to the ani¬ 
mal. Man crowns the edifice here, not only in virtue of 
his own manipulatory power, but through the enormous 
extension of his range of experience, by the invention of 
instruments of precision, which serve as supplemental 
senses and supplemental limbs. The reciprocal action 
of these is finely described and illustrated. That chas¬ 
tened intellectual emotion to which I have referred in con¬ 
nection with Mr. Darwin is not absent in Mr. Spenoer. 
His illustrations possess at times exceeding vividness and 
force; and from his stylo on such occasions it is to be 
inforrod that tho ganglia of this Apostle of the Under¬ 
standing are sometimes the seat of a nascent poetic thrill. 
It is a fact of supreme importance that actions, the 
performance of which at first requires even painful effort 
and deliberation, may, by habit, be rendered automatic. 
"Witnoss tho slow learning of its letters by a child, and 
the subsequent facility of reading in a man, when each 
group of letters which forms a word is instantly, and with¬ 
out effort, fused to a single perception. Instance the bil¬ 
liard-player, whose muscles of hand and eye, when he 
reaches tho perfection of his art, are unoonsoiously co¬ 
ordinated. Instance the musician who, by practice, is 
enabled to fuse a multitude of arrangements, auditory, 
tactual, and muscular, into a process of automatic manipu¬ 
lation. Combining such facts with the doctrine of heredi¬ 
tary transmission, we reach a theory of Instinct. A chick, 
after coming out of the egg, balances itself correctly, runs 
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about, picks up food, thus allowing that it possesses « 
power of directing its movements to definite emls. How 
did tlie chick learn this very complex co-ordination of 
eyes, muscles, and bonk? It lms not been individually 
taught; its personal experience is nit; but it has the ben¬ 
efit of anoostral experience. In its inherited organization 
are registered the powers which it displays at birth. So 
also as regards the instinct of the hive-bee, already re¬ 
ferred to. The distance at which the insects stand apart 
when they sweep their hemispheres and build their cells 
is “organically remembered.** Man h1h<» carries with him 
the physical texture of his ancestry, as well us the' in¬ 
herited intellect hound up with it. The defects <»f intcllb 
gonoo during infancy and youth arc probably less due to 
a lack of individual experience than to the fact that in 
early life the cerebral organization is still incomplete. The 
period necessary for completion varies with the race, and 
with the individual. As a round shot outstrips the rifled 
bolt on quitting the muzzle of the gnu, so the lower race, 
in childhood, may outstrip the higher. But the higher 
eventually overtakes the lower, and surpasses it in range. 
As regards individuals, we do not always find the pre¬ 
cocity of youth prolonged to mental power in maturity; 
while tho dulnosH of hoyhood is sometimes strikingly con¬ 
trasted with tho intellectual energy of after years, New¬ 
ton, when a boy, was weakly, and lie showed no particu¬ 
lar aptitudo at school; but in his eighteenth year he went 
to Cambridge, and soon afterward astonished his teachers 
by his power of dealing with geometrical problems. Dur¬ 
ing his quiet youth his brain was slowly preparing itnelf 
to be the organ of those energies which he subsequently 
displayed. 



By myriad blows (to use a Lucretian phrase) the image 
ad superscription of the external world are stamped as 
;ates of consciousness upon the organism, the depth of 
le impression depending on the number of the blows, 
if hen two or more phenomena occur in the environment 
lvariably together, they are stamped to the same depth 
r to the same relief, and indissolubly connected. And 
ore wo come to the threshold of a great question. See- 
lg that ho could in no way rid himself of the conscious- 
ess of Space and Time, Kant assumed thorn to bo ncc- 
asary “forms of intuition,’’ the molds and shapes into 
•hich our intuitions are thrown belonging to ourselves, 
ad without objective existence. With unexpected power 
ad success, Mr. Spencer brings the hereditary experience 
lcory, as ho holds it, to bear upon this question. “If 
loro exist certain external relations which are experienced 
y all organisms at all instants of their waking lives—re¬ 
gions which are absolutely constant and universal—there 
•ill be established answering internal relations that are 
bsolutoly constant and universal. Such relations wo 
avo in those of Space and Time. As the substratniu 
£ all other relations of the Non-ego, they must bo re¬ 
ponded to by conceptions that arc the substrata of all 
fcher relations in the Ego. Being the constant and infl- 
itely repeated elements of thought, they must become the 
utomatic elements of though t—tho elements of thought 
r hieh it is impossible to got rid of-—tho ‘forms of intui* 
on.’ ” 

Throughout this application and extension of Hartley's 
nd Mill’s “Law of Inseparable Association,” Mr. Spencer 
bands upon his own ground, invoking, instead of the ox- 
eriences of the individual, the registered experiences of 
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the race. His overthrow of the rent notion of experience 
to tho individual is, I think, complete. That restriction 
ignores the power of organizing experience, furnished at 
the outset to each individual; it ignores the different de¬ 
grees of this power possessed by different, nun's, and by 
different individuals of the same race. Were there not 
in tho human brain a potency antecedent to nil experi¬ 
ence, a dog or a cat ought to he as capable of education 
as a man. These predetermined internal relations are in¬ 
dependent of tho experiences of the individual. The 
human brain is the 1 ‘organized register of infinitely nu¬ 
merous experiences received during the evolution of life, 
or rather during the evolution of that series of organisms 
through which the human organism has been reached. 
The effects of the most uniform and frequent of these 
experiences have been successively bequeathed, principal 
and interest, and have slowly mounted to that high intel¬ 
ligence which lies latent iu the brain of the infant. Thus 
it happens that the Kuropenn inherits from twenty to 
thirty cubic inches more of brain than the Papuan. Thus 
it happens that faculties, as of music, which scarcely exist 
in some inferior races, become congenital m superior ones. 
Tims it happens that out of savages unable to count up 
to the number of their lingers, and speaking a language 
containing only nouns and verbs, arise at length our New¬ 
tons and Shakespeares. ’ ’ 

§ 8 

At the outset of this Address it was stated that phys¬ 
ical theories which lie beyond experience are derived by 
a process of abstraction from experience. It is instructive 
to note from this point of view the successive introduction 
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f new conceptions. The idea of the attraction of gravita- 
Lon was preceded by the observation of the attraction of 
ron by a magnet, and of light bodies by rubbed amber, 
^he polarity of magnetism and electricity also appealed to 
he senses. It thus became the substratum of the concep- 
Lon that atoms and molecules are endowed with attractive 
nd repellent poles, by the play of which definite forms 
f crystalline architecture are produced. Thus molecular 
orce becomes structural. 1 It required no great boldness 
f thought to extend its play into organic nature, and to 
ecognize in molecular force the agency by which both 
•lants and animals are built up. In this way, out of ex- 
lerience arise conceptions which are wholly ultra-experi- 
ntial. None of the atomists of antiquity had any notion 
>f this play of molecular polar force, but they had experi- 
nce of gravity, as manifested by falling bodies. Abstract- 
ng from this, they permitted their atoms to fall eternally 
hrough empty space. Democritus assumed that the larger 
.toms moved more rapidly than the smaller ones, which 
hey therefore could overtake, and with which they could 
ombine. Epicurus, holding that empty space could offer 
lo resistance to motion, ascribed to all the atoms the same 
r elocity; but he seems to have overlooked the conse¬ 
quence that .under such circumstances the atoms could 
Lever combine. Lucretius cut the knot by quitting the 
lomain of physics altogether, and causing the atoms to 
nove together by a kind of volition. 

Was the instinct utterly at fault which caused Lucre- 
ius thus to swerve from his own principles ? Diminish - 
ng gradually the number of progenitors, Mr. Darwin 


1 See Art. on Matter and. Force, or “Lectures on Liglit,” No. III. 


oomea at length to on® ‘‘primordial form"; hut he clow 
not my, so far as I remember, how he supposes this form 
to have been introduced. He quokw with nulls factum the 
words of a celebrated author and divine who had “grad* 
ually learned to see that it was just m noble a conception 
of the Deity to believe He uroattul a few original burn®, 
capable of Helf-development inU> other and needful forma, 
as to believo lie required a fresh net of creation to supply 
the voids caused by the action of Ilk laws. What Mr, 
Darwin thinks of this view of the introduetum of life I 
do not know. But the anthropomorphism, which it 
seemed his object to net aside, is as firmly associated 
with the creation of a few forms as with the creation 
of a multitude. We need clearness and thoroughness 
hero. Two courses and two only are possible. Kitlmr let 
us open our doors freely to the conception of creative 
acts, or abandoning them, let m radically change our no* 
turns of Matter, If wo look at mutter as pictured by 
Democritus, and as dutinud for generations in our soiou* 
tido text-books, tbe notion of conscious life coming out 
of it cannot be formed by the mind. The argument 
placed in the mouth of Bishop Butler mu Hires, in my 
opinion, to crush all suoh materialism us this. Those, 
however, who framed these definitions of matter were hut 
partial students. They wore not biologists, hut mathema* 
ticiana, whose labors referred only to suub accidents and 
properties of matter as could be expressed in their for* 
muhe. Their science was meolmnimd science, not the 
science of life. With matter in its wholeness they never 
dealt; and, denuded by their imperfect definitions, “the 
gentle mother of all” became the object of her children’s 
dread. Let us reverently, but honestly, look the question 
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in the face. Divorced from matter, where is life ? What¬ 
ever our faith may say, onr hnowledge shows them to be indis¬ 
solubly joined. Every meal we eat, and every cup we drink:, 
illustrates the mysterious control of Mind by Matter. 

On tracing the line of life backward, we see it ap¬ 
proaching more and more to what we call the purely 
physical condition. We come at length to those organ¬ 
isms which I have compared to drops of oil suspended 
in a mixture of alcohol and water. We reach the pro¬ 
togenes of Haeckel, in which we have “a type distinguish¬ 
able from a fragment of albumen only by its finely granu¬ 
lar character.” Can we pause here? We break a magnet, 
and find two poles in each of its fragments. We continue 
the process of breaking; but, however small the parts, 
each carries with it, though enfeebled, the polarity of the 
whole. And when we can break no longer, we prolong 
the intellectual vision to the polar molecules. Are we not 
urged to do something similar in the base of life? Is 
there not a temptation to close to some extent with Lu¬ 
cretius, when he affirms that “Hature is seen to do all 
things spontaneously of herself without the meddling of 
the gods?” or with Bruno, when he declares that Matter 
is not “that mere empty capacity which philosophers have 
pictured her to be, but the universal mother who brings 
forth all things as the fruit of her own womb?” Believ¬ 
ing, as I do, in the continuity of nature, I cannot stop 
abruptly where our microscopes cease to be of use. Here 
the vision of the mind authoritatively supplements the 
vision of the eye. By a necessity engendered and justi¬ 
fied by science I cross the boundary of the experimental 
evidence, 1 and discern in that Matter which we, in our 


1 This mode of procedure was not invented in Belfast. 
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ignorance of its latent powers, and notwithstanding our 
professed reverence for its Creator, have hitherto covered 
with opprobrium, the promise and potency of all terres¬ 
trial Life. 

If you ask me whether there exists the least evidence 
to prove that any form of life can be developed out of 
matter, without demonstrable antecedent life, my reply 
is that evidence considered perfectly conclusive by many 
has been adduced*, and that were some of u« who have 
pondered this question to follow a very common example, 
and aooept testimony because it falls in with our belief, 
we also should eagerly close with the evidence referred 
to. But there is in the true man of sukmoo a desire 
stronger than the wish to have his beliefs upheld; namely, 
the desire to have them true. And this stronger wish 
causes him to reject the most plausible support, if he has 
reason to suspeot that it is vitiated by error. Those to 
whom I refer as having studied this question, believing 
the evidenoe offered in favor of “spontaneous generation" 
to be thus vitiated, cannot accept it They know full well 
that the chemist now prepares from inorganic matter a 
vast array of substances, which were some time ago re¬ 
garded as the sole products of vitality. They are inti¬ 
mately acquainted with the structural power of matter, as 
evidenced in the phenomena of crystallization. They can 
justify scientifically their belief in its potency, under the 
proper conditions, to produce organisms. But, in reply 
to your questions, they will frankly admit their inability 
to point to any satisfactory experimental proof that life 
can be developed, save from demonstrable antecedent life. 
As already indicated, they draw the line from the highest 
organisms through lower ones down to the lowest; and 
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it is the prolongation of this line by the intellect, beyond 
the range of the senses, that leads them to the conclusion 
which Bruno so boldly enunciated. 1 

The “materialism” here professed may be vastly differ¬ 
ent from what you suppose, and I therefore crave your 
gracious patience to the end. “The question of an ex¬ 
ternal world,” says X S. Mill, “is the great battleground 
of metaphysics. ’ ’ * Mr. Mill himself reduces external 
phenomena to “possibilities of sensation.” Kant, as we 
have seon, made time and space “forms” of our own 
intuitions. Fichte, having first by the inexorable logic 
of- his understanding proved himself to be a mere link in 
that chain of eternal causation which holds so rigidly in 
nature, violently broke tho chain by making nature, and 
all that it inherits, an apparition of the mind. * And it 
is by no moans easy to combat such notions. For when 
X say “I see you,” and that there is not the least doubt 
about it, the obvious reply is, that what I am really con¬ 
scious of is an affection of t my own retina. And if I urge 
that my sight can be checked by touching you, the retort 
would be that I am equally transgressing tho limits of 
fact; for what I am really conscious of is, not that you 
are there, but that the nerves of my hand have undergone 
a change. All we hear, and see, and touch, and taste, 
and smell, are, it would be urged, more variations of our 
own condition, beyond whioh, even to the extent of a 
hair-breadth, wo cannot go. That anything answering to 
our impressions exists outside of ourselves is not a face, 
but an inference , to whioh all validity would be denied by 

* Bruno was u “Pantheist,” not an “Atheist” or a “Materialist,” 

* “Iflxamination of Hamilton,” p. 154. 

* “Bestimmung des Mensehen.” 
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an idealist like Berkeley, or by a Hccptic like Ilmue. Mr. 
Spencer takes another line. With him, a* with the un¬ 
educated man, there is no doubt or quantum an to the 
existence of an external world. But he difiVrH from the 
uneducated, who think that the world really w what con¬ 
sciousness represents it to bo. Our states of conscious¬ 
ness arc mere symbols of an outside entity which produces 
them and determines the order of their succession, but the 
real nature of which wo can never know.* In fact, the 
whole process of evolution is the manifestation of a Power 
absolutely inscrutable to the intellect of man. As little 
in our day as in the days of Job can man by searching 
find this Power out. Considered fundamentally, then, it 
is by the operation of an insoluble mystery that life on 
earth is evolved, species differentiated, and mind unfolded, 
from their prepotent elements in the immeasurable past. 

The strength of the doctrine of Evolution consists, not 
in an experimental demonstration (fur the suhjret is hardly 
accessible to this mode of proof), but in its general har¬ 
mony with scientific thought. From contrast, moreover, 
it derives enormous relative cogency. On the one side 

> In a paper, at once popular and profound, entitled “Ueoout 1‘regre** tu tha 
Theory of Vinton,” contained in tho volume of lwture* by lUdmhulU, pub¬ 
lished by Longmans, this symbolism of our atatw of I'tmaHmwuwm ta also dwelt 
upon. Tho impressions of rouho ore tho morn mym of external thing*, in this 
papor Helmholtz contends strongly against the view that tho c<.u»Huumu<'*k of 
apaco is inborn; and ho ovldontly doubts the power of the chirk to pick up 
grains of com without preliminary lesson*, On this jndnt, ho *ny«, further 
experiments are needed. Such experiment* have Ix'tm *»»!•»* made by Mr. 
Spalding, aided, I believe, in some of his obnervation* by tho atroiupllahod and 
deeply lamented Lady Araborly; and they ttoom to prove tumdunlvoly that tlw 
chick does not need a single moment’s tuition to cmabln it u> *inml, run, govern 
the muscles of its oyes, and peck. Ilolmholto, howevor, i* em» tending against 
the notion of pro-ostabliahod harmony; and I am not aware of his view* m n> 
tho organization of experiences of race or breed. 
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we have a theory (if it could with any propriety be so 
called) derived, as were the theories referred to at the 
beginning of this Address, not from the study of nature, 
but from the observation of men—a theory which converts 
the Power whose garment is seen in the visible univorse 
into an Artificer, fashioned after the human model, and 
acting by broken efforts as man is seen to act. On the 
other side we have the conception that all we see around 
us, and all we feel within us—the phenomena of physical 
nature as well as those of the human mind—have their 
unsearohable roots in a cosmical lifo, if I dare apply the 
term, an infinitesimal span of which is offered to the in¬ 
vestigation of man. And even this span is only knowable 
in part. We can trace the development of a nervous sys¬ 
tem, and correlate with it the parallel phenomena of sensa¬ 
tion and thought. Wo see with undoubting certainty that 
they go hand in hand. But we try to soar in a vacuum 
the moment we seek to comprehend the connection be¬ 
tween them. An Archimedean fulcrum is here required 
which the human mind cannot command; and the effort 
to solve the problem—to borrow a comparison from an 
illustrious friend of mine—is like that of a man trying 
to lift' himself by his own waistband. All that has been 
said in this discourse is to be taken in connection with 
this fundamental truth. When “nascent senses” are 
spoken of, when “the differentiation of a tissue at first 
vaguely sensitive all over” is spoken of, and when these 
possessions and processes are associated with “the modi¬ 
fication of an organism by its environment, * ' the same 
parallelism, without contact, or even approach to contact, 
is implied. Man the object is separated by an impassable 
gulf from man the subject There is no motor energy in 
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the human intellect to carry it, without logical rupture, 
from the one to the other. 


P 

The doctrine of Evolution derives man, in his totality, 
from the interaction of organism and environment through 
couutloHH ages past. The Human Understanding, for ex* 
ample—that faculty which Mr. Spencer has turned no skil¬ 
fully round upon ita own antecedents is itself a result of 
tlio play botwoen organism and environment through 
mio ranges of time. Never, surely, did prescription plead 
so irresistible a claim, tint then it comes to puna that, 
over and above his understanding, there are many other 
things appertaining to man, whose prescriptive rights are 
quite as strong its those of the understanding itself. It is 
a result, for example, of the play of organism and environ¬ 
ment that sugar is sweet, amt that aloes lire letter; that 
the smell of henbane differs from the perfume of a rose. 
Such facts of eonseiousneHH (for which, by the way, no 
adequate reason lms ever been rendered) are quite as old 
as the understanding; it ml many other things run boast 
an equally ancient origin. Mr. Spencer ut one jduee refers 
to that most powerful of passions the amatory passion - 
as one which, when it llrst oecurs, is antecedent to all 
relative experience whatever; and we may press its elaim 
as being at least as ancient, and ns valid, as that of the 
understanding itHoU. Then there are stieh things woven 
into the texture of man as the fueling of Awe, Reverence, 
"SR onder—and not alone the sexual love just referred to, 
but the love of the beautiful, physical, and moral, in Nat¬ 
ure, Poetry, and Art. There is also that deep-set feeling, 
■which, since the earliest dawn of history, and probably 
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for ages prior to all history, incorporated itself in the Re¬ 
ligions of the world. You, who have escaped from these 
religions into the high-and-dry light of the intellect, may 
deride them; but in so doing you deride accidents of form 
merely, and fail to touch the immovable basis of the 
religious sentiment in the nature of man. To yield this 
sentiment reasonable satisfaction is the problem of prob¬ 
lems at the present hour. And grotesque in relation to 
scientific culture as many of the religions of the world 
have been and are—dangerous, nay, destructive, to the 
dearest privileges of freemen as some of them undoubtedly 
have been, and would, if they could, be again—it will be 
wise to recognize them as the forms of a force, mischievous 
if permitted to intrude on the region of objective knowl¬ 
edge , over which it holds no command, but capable of 
adding, in the region of poetry and emotion, inward com¬ 
pleteness and dignity to man. 

Feeling, I say again, dates from as old an origin and 
as high a source as intelligence, and it equally demands 
its range of play. The wise teacher of humanity will 
recognize the necessity of meeting this demand, rather 
than of resisting it on account of errors and absurdities 
of form. What we should resist, at all hazards, is the 
attempt made in the past, and now repeated, to found 
upon this elemental bias of man’s nature a system which 
should exercise despotic sway over his intellect. I have 
no fear of such a consummation. Science has already to 
some- extent leavened the world; it will leaven it more 
and more. I should look upon the mild light of science 
breaking in upon the minds of the youth of Ireland, and 
strengthening gradually to the perfect day, as a surer 
check to any intellectual or spiritual tyranny which may 



210 


fragments of science 


threaten this island, than the laws of prumeR or the swords 
of emperors. We fought and won <mr buttle event in the 
Middle Ages: should we doubt the issue of another con¬ 
flict with our broken foe? 

The impregnable position of science may be described 
in a few words. We claim, and we shall wrest from the¬ 
ology, the entire domain of eoHUiuiugieul theory. All 
schemes and systems which thus infringe upon the do¬ 
main. of science must, in so far m they do this, submit 
to its control, and relinquish all thought of controlling it. 
Acting otherwise proved always di sum irons in the past, 
and it is simply fatuous to day. Kverv system whirh 
would escape tlm fate of an organism too rigid to adjust 
itself to its environment, must be phmtie to the extent 
that the growth of knowledge demands. When this truth 
has boon thoroughly taken in, rigidity wilt be relaxed, 
ox cl us I vo ness diminished, things now deemed rs*entml will 
bo dropped, and elements now rejected will be ussitui- 
lated. The lifting of the life is the essential point; and 
as long as dogmatism, fanaticism, am! intolerance uru kept 
out, various modes of leverage may be employed to mine 
life to a higher level. 

Science itself not Infrequently derives motive jmwer 
from an ultru-soiontillu source. Home of its greatest dis¬ 
coveries have been made under the stimulus of a mm* 
scientific kloal This was the case among the ancients, 
and it has boon ho among ourselves, Mayer, Joule, and 
Oolding, whose names are associated with the greatest of 
modern generalisations, wore thus influenced. With his 
usual insight, Lange at one place remarks that M it is not 
always the objectively correct and intelligible that helps 
man most, or leads most quickly to the fullest ami truest 
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knowledge. As the sliding body upon the brachysto- 
chrone reaches its end sooner than by the straighter road 
of the inclined plane, so, through the swing of the ideal, 
we often arrive at the naked truth more rapidly than by 
the processes of the understanding.” Whewell speaks of 
enthusiasm of temper as a hinderance to science; but he 
means the enthusiasm of weak heads. There is a strong 
and resolute enthusiasm in which science finds an ally; 
and it is to the lowering of this fire, rather than to the 
diminution of intellectual insight, that the lessening pro¬ 
ductiveness of men of science, in their mature years, is 
to be ascribed. Mr. Buckle sought to detach intellectual 
achievement from moral force. He gravely erred, for 
without moral force to whip it into action, the achieve¬ 
ment of the intellect would be poor indeed. 

It has been said by its opponents that science divorces 
itself from literature; but the statement, like so many oth¬ 
ers, arises from lack of knowledge. A glance at the less 
technical writings of its leaders—of its Helmholtz, its 
Huxley, and its Du Bois-Beymond—would show what 
breadth of literary culture they command. "Where among 
modern writers can you find their superiors in clearness 
and vigor of literary style ? Science desires not isolation, 
but freely combines with every effort toward the bettering 
of man’s estate. Single-handed,- and supported, not by 
outward sympathy, but by inward force, it has built at 
least one great wing of the many-mansioned home which 
man in his totality demands. And if rough walls and 
protruding rafter-ends indicate that on one side the edi¬ 
fice is still incomplete, it is only by wise combination of 
the parts required, with those already irrevocably built, 
that we can hope for completeness. There is no neces- 
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sary incongruity between what has been accomplished and 
•what remains to be done. The moral glow of Socrates, 
which wo all feed by ignition, ban in it nothing incompati¬ 
ble with the physics of Anaxagoras which he so much 
scorned, but which ho would hardly scorn to-day. And 
hero I am reminded of one among u«, lumry, but still 
strong, whose prophet-voice some thirty years ago, far 
more than any other of this age, unlocked whatever of 
life and nobleness lay latent in its most gifted minds— 
one lit to stand beside Sue rates or the Maeeubean Khmar, 
and to dare and suffer alt that they suffered and dared— 
fit, as he once said of Fichte, “to have been the teacher 
of the Stoa, and to have discoursed of Beauty and Virtue 
in the groves of Aeademe.’* With a capacity to grasp 
physical principles which his friend Goethe did not pos¬ 
sess, and which even total lack of exercise has not been 
able to reduce to atrophy, it is the world’s loss that he, 
in the vigor of his years, did not open his mind and sym¬ 
pathies to science, and make its conclusions a |mrthm of 
bis message to mankind. Marvellously endowed ns ho 
was—equally equipped on the aide of the Heart and of 
tbe Understanding—-he might have done much toward 
teaching ns how to reconcile the chums of both, and to 
enable them in coming times to dwell together, in unity 
of spirit and in the bond of peace. 

And now the end is come. With more time, or 
greater strength and knowledge, what has boon hero said 
might have been better said, while worthy matters, here 
omitted, might have received fit expression. But there 
would have been no material deviation from tbe views 
set forth. As regards myself, they are not the growth 
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a day; and as regards you, I thought you ought to 
>w the environment which, with or without your con- 
t, is rapidly surrounding you, and in relation to which 
xe adjustment on your part may be necessary. A hint 
Hamlet’s, however, teaches us how the troubles of com- 
a life may be ended; and it is perfectly possible for 
l and me to purchase intellectual peace at the price 
intellectual death. Tho world is not without refuges of 
j description; nor is it wanting in persons who seek 
ir shelter, and try to persuado others to do tho same. 
3 unstable and the woak havo yielded and will yield to 
s persuasion, and they to whom repose is sweeter than 
truth. But I would exhort you to refuse the offered 
tor, and to scorn tho base repose—to accept, if tho 
ice ho forced upon you, commotion before stagnation, 
breezy leap of the torrent before the fetid stillnosa of 
swamp. In the course of this Address I have touched 
debatable questions, and led you over what will he 
med dangerous ground-—and this partly with tho view 
tolling you that, as regards these questions, science 
ms unrestricted right of search. Tt is not to tho point 
my that tho views of Lucretius and Bruno, of Darwin 
. Spencer, may he wrong. Hero I should agree with 
l, deeming it indeed certain that those views will un- 
go modification. But the point is that, whether right 
wrong, we olairn the right to discuss them. For 
mco, however, no exclusive claim is here made; you 
not urged to erect it into an idol. The inexorable 
■mice of man’s understanding in tho path of know! 
e, and those unquenchable claims of his moral and 
3 tional nature, which the understanding can never sat- 
p , are here equally set forth. Tho world embraces not 
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only a Now ton, but a Shakeajware nut only & Boyle, 
but a Kaphael—not only a Kant, but a Beethoven-not 
only a Darwin, but a Carlyle. Not in each of these, but 
in all, is Human nature whole. They »r« not opposed, 
but supplementary- not mutually exclusive, but reeonaih 
able. And if, unsatisfied with them all, the human mind, 
with the yearning of a pilgrim for hw distant homo, will 
still turn to the Mystery from which it baa emerged, wok* 
ing so to fashion it as ki give unity to thought, and faith; 
so long as this is done, not only without intolerance or 
bigotry of any kind, but with the enlightened recognition 
that ultimate fixity of eoneeptimi in here unattainable, and 
that each auemuling ago must Im held free to fashion 
the mystery in accordance with it* own needs than, 
easting aside all the restriction* of Materialism, i would 
affirm this to be a field for the noblest o aerolite of what, 
in contrast with the knowing faculties, may he embed the 
creative faculties of man. Here, however, I touch » theme 
too great for mo to handle, but which will bmiu redly he 
handled by the loftiest mind*, when you and I, like 
streaks of morning cloud, ahull have melted into the 
infinite azure of the post 
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nature bo tlio really potent factor, wo may aspect utter¬ 
ances aa heterogeneous ns the (diameter* of men. Aa a 
matter of fact wo have tint latter*, miggeHting to my mind 
that the common religion, professed ami defended by these 
different people, m merely tho accidental conduit through 
which they pour their own tempera, lofty or low, court©* 
ouh or vulgar, mild or ferocious, aa the caw may he. 
Pure abuHc, however, us nerving m» good end, I have, 
wherever possible, deliberately avoided reading, wishing, 
indeed, to keep, not only hatred, malice, ami uneharita- 
hlencBB, hut even every trace of irritation, far away from 
my side of a discussion which demands not only good* 
tamper, but largeness, clearness, and many-sidedness of 
mind, if it is to guide us to even provisional solutions. 
It hat been stated, with many variations id note and 
comment, that in the Address a* subsequently published 
by Messrs, Longman I have, retracted opinions uttered at 
Belfast, A Homan Catholic writer is specially strong upon 
this point Startled by tho deep ohoruH of dissent which 
my “daazling fallacies” have evoked, l am now trying to 
retreat This he will by no mean a tolerate, *' It i« too 
late now to seek to hide from the eyes of mankind one 
foul blot, one ghastly deformity, Pro feasor Tyndall has 
himself told us how and where this Address of hw was 
composed. It was written among tho glaciers and tho 
solitudes of the Swiss mountains. It was no hasty, hur¬ 
ried, crude production j its every sentence bore marks of 
thought and care,” 

My critic intends to be sever© ,* he is simply just. In 
the “solitudes” to which he refers I worked with delib¬ 
eration, endeavoring even to purify my intellect by dis¬ 
ciplines similar to those enjoined by hit own Oh n rob w 
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the sanctification of the sonl. I tried, moreover, in my 
ponderings to realize not only the lawful, but the expedi¬ 
ent; and to permit no fear to act upon my mind, save 
that of utteiing a single word on which I could not take 
my stand, either in this or in any other world. 

Still my time was so brief, the difficulties arising from, 
my isolated position wore so numerous,, and’ my thought 
and expression so slow, that, in a literary point of view, 
I halted, not only behind tho ideal, but bohind the pos¬ 
sible. Hence, after the delivery of the Address, I went 
over it with the desire, not to rovoke its principles, hut 
to improve it verbally, and above all to remove any word 
which might give color to the notion of “crudeness, hurry, 
or haste. ’ ’ 

In connection with the charge of Atheism my critio 
refers to the Prefaco to the second issue of the Belfast 
Address: “Ohristian men,” I there say, “are proved by 
their writings to have their hours of weakness and of 
doubt, as well as their hours of strength and of convic¬ 
tion; and men like myself share, in their own way, these 
variations of mood and tense. Wore the religious moods 
of many of my assailants tho only alternative onos, I do 
not know how strong the claims of the doctrine of ‘Ma¬ 
terial Atheism* upon my allegiance might be. Probably 
they would be very strong. But, as it is, I have noticed 
during years of self-observation that it is not in hours 
of clearness and vigor that this doctrine commends itself 
to my mind; that in tho presence of stronger and healthier 
thought it ever dissolves and disappears, as offering no 
solution of the mystery in which we dwell, and of which 
we form a part. ” 

With reference to this honest and reasonable utterance 
SOIKNOK—VI—10 
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nature bo tbo really potent factor, we may expect utter* 
ancoB as heterogeneous as the characters of men. As a 
matter of fact we have the latter; suggesting to my mintl 
that the common religion, professed ami defended by these 
different people, is merely the accidental conduit through 
which they pour their own tempers, lofty or low, court©* 
ouh or vulgar, mild or ferocious, ns the ease may ho, 
Pure abuse, however, as serving no good end, I have, 
wherever possible, deliberately avoided reading, wishing, 
indeed, to keep, not only hatred, malice, and uneharita* 
bleneBs, hut even every trace of irritation, far away from 
my side of a discussion which demand* not only good* 
temper, hut largeness, clearness, and many-sidedness of 
mind, if it is to guide us to even provisional solutions. 

It has been stated, with many variations of note and 
comment, that in the Address as subsequently published 
by Messrs. Longman I have retracted opinions uttered at 
Belfast. A Roman Catholic writer is specially strong uj*on 
this point. Startled by the deep chorus of dissent which 
my “dasusling fallacies' 1 have evoked, I am now trying to 
retreat. This he will by no means tolerate, "It is too 
late now to seek to hide from the eyes of mankind one 
foul blot, one ghastly deformity. Professor Tyndall baa 
himself told ua how and where this Address of his was 
composed. It waa written among the glaciers and the 
solitudes of the Swiss mountains. It waa no hasty, hur¬ 
ried, crude production; its every senUmoe boro marks of 
thought and care.” 

My oritio intends to be severe: he is simply just. In 
the “solitudes” to which ha refers I worked with delib¬ 
eration, endeavoring erven to purify my intellect by dis¬ 
ciplines similar to those enjoined by his own Church for 
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"tlie sanctification of the soul. X tried, moreover, in my 
ponderings to realize not only tlie lawful, but the expedi¬ 
ent; and to permit no fear to act upon my mind, save 
tliat of uttering a single word on which I could not take 
my stand, either in this or in any other world. 

Still my time was so brief, the difficulties arising from 
my isolated position were so numerous, and - my thought 
and expression so slow, that, in a literary point of view, 
I halted, not only behind the ideal, but behind the pos¬ 
sible. Hence, after the delivery of the Address, I went 
over it with the desire, not to revoke its principles, but 
to improve it verbally, and above all to remove any word 
which might give color to the notion of “crudeness, hurry, 
or haste. ’ ’ 

In connection with the charge of Atheism my critic 
refers to the Preface to the second issue of the Belfast 
Address: “Christian men,” I there say, “are proved by 
their writings to have their hours of weakness and of 
doubt, as well as their hours of strength and of convic¬ 
tion; and men like myself share, in their own way, these 
variations of mood and tense. Were the religious moods 
of many of my assailants the only alternative ones, I do 
not know how strong the claims of the doctrine of ‘Ma¬ 
terial Atheism’ upon my allegiance might be. Probably 
they would be very strong. But, as it is, I have noticed 
during years of self-observation that it is not in hours 
of clearness and vigor that this doctrine commends itself 
to my mind; that in the presence of stronger and healthier 
thought it ever dissolves and disappears, as offering no 
solution of the mystery in which we dwell, and of which 
we form a part.” 

With reference to this honest and reasonable utterance 
Science— YI—10 
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my censor exclaims, “'Hiis is a most remarkable passage. 
Much, as wo dislike seasoning polemics with strong words, 
wo assort that this Apology only tends to ailix with links 
of steel to the name of Professor Tyndall tlm dread impu¬ 
tation against which lie struggles." 

Hero wo have a very fair example of subjective relig- 
ions vigor. But my (piamd with such exhibitions is that 
they do not always represent ohjeetive fact. No atheistic 
reasoning can, I hold, dislodge religion from tint human 
heart. Logie cannot deprive us of life, and religion is life 
to the religious. As an experience of mnseiousuesH it is 
beyond tho assaults of logic. But the religious lib* is 
ofton projected in external forms I use the word in its 
widest sensO'-and this embodiment of the religious senti¬ 
ment will have to bear more and more, ns the world be¬ 
comes more enlightened, the stress of seieiitilie tests. We. 
must bo careful of projecting into external nature that 
which belongs to ourselves. My erilie commits this mis¬ 
take: he feels, and takes dolight m feeling, that I am 
Struggling, and ho obviously experiences the most ex¬ 
quisite pleasures of “the muscular neimo" in holding me 
down. His feelings are as real as if Ids imagination of 
what mine are were equally real. I Its picture of my 
“struggles” is, however, a more delusion, I do not 
struggle. I do not fear the charge of Atheism; nor 
should X even disavow it, in reference to any definition 
of the Supreme which he, or his order, would be likely 
to frame. 11 is “links” and his “stool” and his "dread 
imputations’ ’ are, therefore, even more unsubstantial than 
my “streaks of morning cloud,” and they may be per¬ 
mitted to vanish together. 
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These minor and more purely personal matters at an 
end, the weightier allegation remains that at Belfast I 
misused my position by quitting the domain of soience, 
and making an unjustifiable raid into the domain of the¬ 
ology. This I fail to see. Laying aside abuse, I hop© 
my accusers will consent to reason with me. Is it not 
lawful for a Rcienti fie man to speculate on the antecedents 
of the solar system? Did Kant, Laplace, and William 
Uersohel quit their legitimate spheres, when they pro¬ 
longed the intellectual vision beyond the boundary of 
experience, and propounded the nebular theory ? Ac¬ 
cepting that theory as probable, is it not permitted to a 
scientific man to follow up, in idea, the series of changes 
associated with tho condensation of the nebulae; to pict¬ 
ure the successive detachment of planets and moons, and 
tho relation of all of them to the sun ? If I look upon 
our earth, with its orbital revolution and axial rotation, as 
one small issue of the process which made the solar sys¬ 
tem. what it is, will any theologian deny my right to en¬ 
tertain and express this theoretic view ? Time was when 
a multitude of theologians would have been found to do 
so—when that arch-enemy of science which now vaunts its 
tolerance would have made a speedy end of the man who 
might venture to publish any opinion of the kind. But 
that time, unless the world is caught strangely slumber¬ 
ing, is forever past. 

As regards inorganic nature, then, we may traverse, 
without lot or hindorance, the whole distance which sepa¬ 
rates the nebulae from tho worlds of to-day. But only a 
few years ago this now conceded ground of soience was 
theological ground. I oould by no means regard this as 
the final and sufficient concession of theology; and, at 
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Belfast, I thought it not only my right, hut my duty, to 
state that, as regards tho organic world, wo must enjoy 
the freedom which we have already won in regard to the 
inorganic. I could not discern tho nhrnl of a tithi-dcwl 
which gave any man, or any dmm of uum, the right to 
open the door of ono of these worlds to the arienlifln 
searcher and to close tho other against him. And I con¬ 
sidered it frankest, wisest, ami in tho lung run most 
conducive to permanent peace, to indicate, without eva¬ 
sion or reserve, the ground that belong* to Science, and 
to which she will assuredly make good her claim. 

I have been reminded that an eminent predecessor of 
mine in the Presidential chair expressed it totally different 
view of the Cause of things from that enunciated by me. 
In doing so he transgressed tho bound# of nobnee at least 
as much as I did; but nobody rained an outcry against 
him. The freedom ho took I claim. And looking tit 
what I must regard as tho extravagances of the religions 
world; at the very inadequate and foolish notions con 
ceming this universe which are entertained hy the major¬ 
ity of oux authorized religious teacher*; at the waste of 
• energy on the part of good men over thing* unworthy, if 
I may say it without discourtesy, of the attention of en¬ 
lightened heathens; the fight about the fripperies of Hit- 
ualism, and the verbal quibbles of the Atbanasian Creed; 
the forcing on the public view of Pontigny Pilgrimage*; 
the dating of historio epochs from the definition of the 
Immaculate Conception; the proclamation of the Divine 
(Hones of the Sacred Heart—standing in the midst of 
these chimeras, which astound all thinking men, it did 
not appear to me extravagant to claim tho public teller- 
ance for an hour and a half, for the etetement of more 
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reasonable views—views more in accordance with, the veri¬ 
ties which, science has brought to light, and which many 
weary souls would, I thought, welcome with gratification 
and relief. 

But to come to closer quarters. The expression to 
which the most violent exception has been taken is this: 
“Abandoning all disguise, the confession I feel bound to 
make before you is, that I prolong the vision backward 
across the* boundary of the experimental evidence, and 
discern in that Matter which we, in our ignorance, and 
notwithstanding our professed reverence for its Creator, 
have hitherto covered with opprobrium, the promise and 
potency of every form and quality of life.” To call it a 
“chorus of dissent,” as my Catholic critic does, is a mild 
way of describing the storm of opprobrium with which this 
statement has been assailed. But the first blast of passion 
"being past, I hope I may again ask my opponents to con¬ 
sent to reason. First of all, I am blamed for crossing the 
boundary of the experimental evidence. This, I reply, 
is the habitual action of the scientific mind—at least of 
that portion of it which applies itself to physical investi¬ 
gation. Our theories of light, heat, magnetism, and elec¬ 
tricity, all imply the crossing of this boundary. My paper 
on the “Scientific Use of the Imagination,” and my “Lect¬ 
ures on Light,” illustrate this point in the amplest man¬ 
ner; and in the Article entitled “Matter and Force” in 
the present volume I have sought, incidentally, to make 
clear, that in physics the experiential incessantly leads to 
the ultra-experiential; that out of experience there always 
grows something finer than mere experience, and that in 
their different powers of ideal extension consists, for the 
most part; the difference between the great and the medi- 
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phenomena has ever been observed. The assumption of 
such a power to account for special phenomena, though 
often made, has always proved a failure. It is opposed 
to the very spirit of science; and I therefore assumed the 
responsibility of holding up, in contrast with it, that method 
of nature which it has been the vocation and triumph of 
science to disclose, and in the application of which we can 
alone hope for further light. Holding, then, that the 
nebulas and the solar system, life included, stand to each 
other in the relation of the germ to the finished organism, 
I reaffirm here, not arrogantly, or defiantly, but without 
a shade of indistinctness, the position laid down at Belfast. 

Hot with the vagueness belonging to the emotions, but 
with the definiteness belonging to the understanding, the 
scientific man has to put to himself these questions regard¬ 
ing the introduction of life upon the earth. He will be 
the last to dogmatize upon the subject, for he knows best 
that certainty is here for the present unattainable. His 
refusal of the creative hypothesis is less an assertion of 
knowledge than a protest against the assumption of knowl¬ 
edge which must long, if not forever, lie beyond ns, and 
the claim to which is the source of perpetual confusion 
upon earth. With a mind open to conviction he asks his 
opponents to show him an authority for the belief they 
so strenuously and so fiercely uphold. They can do no 
more than point to the Book of Genesis, or some other 
portion of the Bible. Profoundly interesting, and indeed 
pathetic, to me are those attempts of the opening mind of 
man to appease its hunger for a Cause. But the Book 
of Genesis has no voice in scientific questions. To the 
grasp of geology, which it resisted for a time, it at length 
yielded like potter’s clay; its authority as a system of cos- 



mogony being discredited on nil bauds, by the abandon* 
jnont of the obvioua meaning of its writer. It in a poem, 
not a scientific treatise. Iu the former aspect it in forever 
beautiful: in the latter aspect it him been, mol it will con* 
tinue to bo, purely obstructive and hurtful. To knowledge 
its value low been negative, leading, in rougher agon than 
ours, to physical, and even in our own M free' 1 ago to 
moral, violence. 

No incident eotmeeied with the proceedings at Belfast 
is more inatruetive than the deportment id the (Jutholio 
hierarohy of Ireland; a body usually too wine to confer 
notoriety upon an udveraary by imprudently denouncing 
him. The “Times,” to which I owe a great deal on the 
aoore of fair play, where so mue.U biw been unfair, thinks 
that the Irish Cardinal, Archbishops, and Bishops, in a 
recent manifesto, adroitly employed a weapon which I, at 
an unlucky moment, placet! in their hands. The antece¬ 
dents of their action cause me to regard it in n dliferent 
light; and a brief refer©turn to these antecedents will, I 
think, illuminate not only their proceedings regarding Bel¬ 
fast, hut other doings which have been recently noised 
abroad. 

Before me lies a document hearing tho date of Novem¬ 
ber, 1878, which, after appearing for a moment, unaccount¬ 
ably vanished from public view. It is a Memorial ad¬ 
dressed, by Seventy of the Students and Ex-students of 
the Catholic University in Ireland, to the Episcopal Board 
of the University; and it constitute® the plainest and brav¬ 
est remonatranoe ever addressed by Irish laymen to their 
spiritual pastors and masters. It expresses the profound* 
est dissatisfaotion with the curriculum marked out for the 
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;udents of the University; setting forth the extraordinary 
ict that the lecture-list for the faculty of Science, pub- 
shed a month before they wrote, did not contain the 
ame of a single Professor of the Physical or Natural 
ciences. 

The memorialists forcibly deprecate this, and dwell 
pon tho necessity of education in science: “The distin- 
nialiing mark of this age is its ardor for science. The 
atural sciences have, within the last fifty years, become 
lo chiefest study in the world; they are in our time pur¬ 
led with an activity unparalleled in the history of man- 
ind. Scarce a year now passes without some discovery 
sing made in these sciences which, as with the touch of 
Le magician’s wand, shivors to atoms theories formerly 
aomod unassailable. It is through the physical and nat* 
ral sciences that tlie fiercest assaults are now made on 
ir religion. No more deadly weapon is used against our 
itk than the facts incontestably proved by modern re- 
sarches in scienco.” 

Such statements must be the reverse of comfortable to 
number of gentlemen who, trainod in the philosophy 
: Thomas Aquinas, have been accustomed to the unques- 
oning submission of all other sciences to their divine 
lienee of Theology. But this is not all: “One thing 
ioms oortain,’’ say the memorialists, viz., “that if chairs 
>r the physical and natural sciences be not soon founded 
i the Catholic University, very many young men will 
ive their faith exposed to dangers which the creation of 
school of science in the University would defend them 
om. For our generation of Irish Catholics are writhing 
ader the sense of their inferiority in science, and are de- 
rmined that such inferiority shall not long continue; and 
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Though molded for ornturit'H to an tdvodiomm unparab 
leled in any other country, except Spurn, the Irish intel- 
leet is beginning to show signs of independence; demand* 
ing a diet more suited to its yearn than the pabulum of 
the Middle Ages. As for the recent mnrufrHte in which 
Pope, Cardinal, Archbishops, and Bifdmjw arc united in 
one grand anathema, its character and bite arts shadowed 
forth by the 'Vision of Eehnchitdisr/./.itr recorded m the 
Book of Daniel. It resembles the image, win we form wan 
terrible, but the gold, and silver, and hrn**, and iron of 
which rested upon feet of clay. Arid n stone smote the 
feet of ciay; and the iron, and the brass, ami the silver, 
and the gold, were broken in pieces together, uml In'carne 
like the chaff of the summer thmdiingdhmra, and the wind 
carried them away. 

Monsignor Capol has recently been good enough to 
proclaim at once the friend lines# of hi# Church toward 
true science, and her right to determine what true whence 
is. Let us dwell for a morn cm t on the prtnds of her when* 
tide competence. When Halley’« comet npjjwmml in MM 
it was- regarded as the harbinger of Clod’* vengenmm, the 
dispenser of war, pestilence, and famine, amt by order of 
the Pope the church bells of Europe were rung to scare 
the monster away. An additional daily prayer was added 
to the supplications of the faithful. The cornet in due 
time disappeared, and the faithful were comforted by the 
assurance that, as in previous instances relating to «dip«n«, 
droughts, and rains, so also as regards this “nefarious” 
comet, victory had been vouchsafed to the Church. 

Both Pythagoras and Copernicus had taught the helio¬ 
centric doctrine that the earth revolves round the sum 

the exercise of her right to determine what tone science 
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is, the Church, in the Pontificate of Paul V., stepped in, 
and by the mouth of -the holy Congregation of the Index, 
delivered, on March 5, 1616, the following decree: 

“And whereas it Hath also come to the knowledge of 
the said holy congregation that the false Pythagorean doc¬ 
trine of the mobility of the earth and the immobility of 
the sun, entirely opposed to Holy Writ, which is taught 
by Nicolas Copernicus, is now published abroad and re¬ 
ceived by many. In order that this opinion may not 
further spread, to tlie damage of Catholic truth, it is 
ordered that this and. all other books teaching the like 
doctrine be suspended., and by this decree they are all 
respectively suspended, forbidden, and condemned.” 

But why go back to 1456 and 1616? Par be it from 
me to charge bygone sins upon Monsignor Capel, were 
it not for the practices he upholds to-day. The most ap¬ 
plauded dogmatist and champion of the Jesuits is, I am 
informed, Perrone. !N"o less than thirty editions of a work 
of his have been scattered abroad for the healing of the 
nations. His notions of physical astronomy are virtually 
those of 1456. He teaches boldly that “Grod does not rule 
by universal law . . . that when God orders a given 
planet to stand still He does not detract from any law 
passed by Himself, but orders that planet to- move round 
the sun for such and such a time, then to stand still, and 
then again to move, as His pleasure may be.” Jesuitism 
proscribed Prohsc hammer for questioning its favorite dog¬ 
ma, that every human soul was created by a direct super¬ 
natural act of God, and for asserting that man, body and 
soul, came from his parents. This is the system that now 
strives for universal power; it is from it, as Monsignor 
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Cap el graciously inform** us, that we are to learn what ig 
allowable in science, and what ut not! 

In the face of such foots, which might be multiplied 
at will, it requires extraordinary bravery of mi ml, or a 
reliance upon public ignorance almost tut extraordinary, 
to make the claims made by Monaiguor Cupel for his 
Church. 

Before me k a very remarkable letter addressed in 
1875 by the Bishop of Montpellier to the Deans ami Pro* 
foBBora of Faculties of MontjK'llier, in which the writer 
very clearly lays down the claims of his Church. He hud 
been Btartled by an incident occurring in it course of lec¬ 
tures cm Phyaiology given by a profeasor, of whose sciem 
tille capacity there was no douht, but who, it was alleged, 
rightly or wrongly, had made his course the vehicle of 
materialism, “Jo no me aunt point domi#,'* says the 
Bishop, “la mission que je rrmplis an milieu do vmis. 
‘Puraonno, nu temoignugo de saint Paul, ne H*«ttribur il 
Boi-mdmo un panel lummuir; ii y fact (An; iipprltS ik* Bum, 
ooramo Aaron,’ Kt pourquwi on estdl ainsi ? Cost puree 
que, telon k mdmo Apfitra, nous devons dire lea innluissa* 
dours de Dieu; ©t il ideal pas dans lea usages, pas plus 
qu’il n’est dans la raison et le droit, qu’un envoyd s'uu- 
orddite luhmeme. Main, si j’ai regu d’Kn-Uaut nne mis¬ 
sion} si PEglii©, au nom de Diou lui-mftme, a souserii mes 
1 ettres de crdance, mo sidrait-il do manquer aux uuitrttcUnna 
qu’elle m’a donndea et d'ontondro, on nn mm different du 
Men, le rdle qu’elle m'a confld? 

“Or, Meiileuw, k saint© EgUse m eroit investi© du 
droit abioln d’enseigner lea homines} olio so eroit ddposi- 
laire de k v4rit4, non paa de k vdritd fragmentaire, in¬ 
complete, radlde de certitude et d'kdsUation, main de k 
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y^rite totale, complete, an point de vne religienx. Bien 
pins, elle est si sure de l’infaillibilite qne son Fondateur 
divin lui a communiquee, comme la dot magnifique de 
leur indissoluble alliance, qne, meme dans l’ordre natnrel, 
scientifique on pliilosopbiqne, moral on politique, elle 
n’admet pas qn’nn systkme puisse Stre sontenn et adopts 
par des clir^tiens, s’il contredit a des dogmes definis. Elle 
consider e qne la negation volontaire et opiniatre d’nn senl 
point de sa doctrine rend conpable dn pdchd d’hdrdsie; 
et elle pense qne tonte hdresie formelle, si on ne la rejette 
pas conrageusement avant de paraitre deyant Dien, entraine 
avec soi la perte certaine de la grace et de l’eternite. ” 

The IBishop recalls those whom he addresses from the 
false philosophy of the present to the philosophy of the 
past, and foresees the triumph of the latter. “Avant qne 
le dix-neuvi&me si&cle s’achkve, la vieille philosophie 
scolastique aura repris sa place dans la juste admiration 
dn mon.de. II Ini fandra pourtant bien dn temps pour 
gudrir les manx de tout genre, causes par son indigne 
rivale; et pendant de longues anndes encore, ce nom de 
■’philosophie , le plus grand de la langne hnmaine aprks celni 
de religion , sera suspect anx ames qni se souviendront de 
la science impie et matdrialiste de Locke, de Condillac on 
d’Helv^tins. L’heure actnelle est aux sciences natnrelles: 
c’est maintenanf 1’instrument de combat contre l’Eglise et 
contre tonte foi religiense. bTous ne les redontons pas.” 
Further on the Bishop warns his readers that everything 
can be abused. Poetry is good, but in excess it may in¬ 
jure practical conduct. “Les mathfimatiques sont excel- 
lentes: et Bossuet les a loupes ‘comme 6tant ce qui sect 
le plus 4 la justesse dn raisonnement’; mais si on s’accou- 
tume exclusivement k leur mdthode, rien de ce qni appar- 
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tient k l’ordre moral no parait plus pouvoir dtro ddmontrd; 
et Fdnelon a pu, parlor do VtmsorcAlvmnU et dus attraita 
diaholiqtm do la gdomdtrio.” 

The learned Bishop thus dually accentuates the claims 
of the Church: “Gornmo lo ddllnisaait lo Pape Ldon X,, 
au cinquidmo concilo oaoumdnicpio do Lutran, ‘Lo vrai ne 
pout pus dfcro contrairo & lui-mdmo; par oonsdcpumt, toute 
assertion contrairo & uno voritd do foi ruveldo oat ndcos* 
sairotnout ot almolumont fausso.’ II suit do lit quo, nans 
entror dans l'oxamon scientiflquo do tollo ou tollo question 
de physiologic, mais par la soulo cortitudo do mm dogmas, 
nous pouvons jugor du sort do tollo ou tollo hypothdse, 
cpii cat uno machine do guorro anti-ehrdtionno plutfU qu’une 
conqudto sorLouso sur low hoc rots ot Ion mysUVos do la na¬ 
ture, . . . O’cHt un dogmo quo l'homme a did formd ot 
fa§ormd dos mains do Dion, Done il est faux, lierotiquo, 
contrairo & la dignitd du CroaUmr ot ofTonsnnt pour non 
chof-d’oeuvro, do diro quo lMiommo eouHtituo la neptihm 
esphoe dos singes , . . TTorosio oncoro do diro quo lo genre 
humain n’est pas sort! d'un soul couple, cl qu'on y pout 
comptor juaqu’& doim races distinotest H 

The course of life upon earth, as far as Science can 
see, has been one of amelioration—a steady advance on 
the whole from the lower to the higher. The continued 
effort of animated nature is to improve its condition and 
raiso itself to a loftier level. In man improvement and 
amelioration depend largely upon the growth of conscious 
knowledge, by which the errors of ignorance are contin¬ 
ually moulted, and truth is organized. It is the advance 
of knowledge that has given a materialistic color to the 
philosophy of this age. Materialism is therefore not a 
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thing to be mourned oyer, but to be honestly considered 
—accepted if it be wholly true, rejected if it be wholly 
false, wisely sifted and turned to account if it embrace a 
mixture of truth and error. Of late years the study of 
the nervous system, and its relation to thought and feel¬ 
ing, have profoundly occupied inquiring minds. It is our 
duty not to shirk—it ought rather to be our privilege to 
acoopt—the established results of such inquiries, for here 
assuredly our ultimato weal depends upon our loyalty to 
the truth. Instructed as to the control which the nervous 
system exercises over man’s moral and intellectual nature, 
wo shall be better prepared, not only to mend their mani¬ 
fold defects, but also to strengthen and purify both. Is 
mind degraded by this recognition of its dependence ? 
Assuredly not. Matter, on the contrary, is raised to the 
level it ought to occupy, and from which timid ignorance 
would remove it. 

But the light is dawning, and it will become stronger 
as time goes on. Even the Brighton ‘‘Church Congress” 
affords evidence of this. From the manifold confusions 
of that assemblage my memory has rescued two items, 
which it would fain preserve: the recognition of a relation 
between Health and Religion, and the address of the Rev. 
Harry Jones. Out of the conflict of vanities his words 
emerge wholesome and strong, because undrugged by dog¬ 
ma, coming directly from the warm brain of one who 
knows what practical truth means, and who has faith in 
its vitality and inherent power of propagation. I wonder 
whether ho is loss effectual in his ministry than his more 
embroidered colleagues? It surely behoovos our teachers 
to come to some definite understanding as to this question 
of health; to see how, by inattention to it, we are de- 
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Invaded, negatively and positively*. negatively, by the 
privation of that “sweetness and light*' which in the nat¬ 
ural concomitant of good health; positmdy, by the inner, 
tion into life of cynicism, ill-temper, and a thousand cor¬ 
roding anxieties which good health would dissipate, We 
fear and acorn “materialism.** But he who knew all about 
it, and could apply Ida knowledge, might become the 
proaehor of a new gospel. Not, however, through the 
ecHtalio momenta of the individual does such knowledge 
come, but through the rovolationa of mdenee, in connection 
with the history of mankind. 

Why should the Homan Catholic Ohureh call gluttony 
a mortal sin ? Why should fatting occupy tt place in the 
disciplines of religion? What is the meaning of Luther's 
advice to the young clergyman who enme to him, |wr* 
ploxed with the difficulties of predestination ami election, 
if it bo not that, in virtue of its notion upon the brain, 
when wisely applied, there is mom! and religious virtue 
even in a hydro-carbon? To use the old language, food 
and drink are creatures of God, and have therefore a 
spiritual value. Through our neglect of the monitions of 
a reasonable materialism wo sin and suitor daily. I might 
hero point to the train of deadly disorders over which 
science has given modern society such control—dinelosing 
the lair of the material enemy, insuring his destruction, 
and thus preventing that moral squalor and hopelessness 
which habitually tread on the heels of epidemics in the 
case of the poor. 

Rising to higher spheres, the visions of Swedenborg, 
and the ecstasy of Plotinus and Porphyry, are phases of 
that psychical condition, obviously connected with the 
nervous system and state of health, on which is based 
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the Vedic doctrine of the absorption of the individual 
the universal soul. Plotinus taught the devout how 
to pa?s into a condition of ecstasy. Porphyry complains 
°f having been only once united to Grod in eighty-six 
years, while his master Plotinus had been so united six 
tixo.es in sixty years. 1 A friend who knew Wordsworth 
ixiforms me that the poet, in some of his moods, was ac- 
<3 'ciS'tomed to seize hold of an external object to assure 
iiixQself of his own bodily existence. As states of con¬ 
sciousness such phenomena have an undisputed reality, 
s^ixcL a substantial identity; but they are connected with 
tlxe most heterogeneous objective conceptions. The sub- 
3 eo-tive experiences are similar, because of the similarity 
of -the underlying organizations. 

13ut for those who wish to look beyond the practical 
facts, there will always remain ample room for specula¬ 
tion. Take the argument of the Lucretian introduced in 
■fclxo Belfast Address. As far as I am aware, not one of 
my assailants has attempted to answer it. Some of them, 
iixcLeed, rejoice over the ability displayed by Bishop But¬ 
ler in rolling back the difficulty on his opponent; and 
■fcti.e;y even imagine that it is the Bishop’s own argument 
■fclxa't is there employed. But the raising of a new diffi- 
cuLl'ty does not abolish—does not even lessen—the old one, 
and. the argument of the Lucretian remains untouched by 
gLXLything the Bishop has said or can say. 

And here it may be permitted me to add a word to an 
I m portant controversy now going on: and which turns on 

* I recommend to the reader’s particular attention Dr. Draper’s important 
WO rk entitled, “History of the Conflict between Heligion and Science” (Messrs. 
TT . S- King & Co.). 
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the question: Bo states «»f eoiiwbotitmewi enter m links 
into the chain oC antecedents and iwpienee, which give 
rise to bodily actions, ami to other slates of conscious, 
ness; or are they merely h/^roduch, which am not won. 
tial 'to tho physical processes going on in the brain? 
Speaking for myself, H is certain that l have no power 
of imagining states of ocmHuiousiwiw, in termed between 
the molecules of the brain, mu\ inilnenoing tho transfer- 
enee of motion among tho tmtWulwi, The thought 
“eludes all mental prenmiifitum” ; and bunco the login 
seems of iron strength which claims for the brain an 
automatic action, uninfluenced by ate to of mmmnmmmm, 
But it is, I believe, admitted by thaso who hold the 
automaton-theory, that states of consciousness are pro¬ 
duced by the marshalling of the molecule* of the brain: 
and this production of eouseimwnew by molecular motion 
is to mo quite as inconceivable on metdmniral principles 
as the production of molecular motion by eoimeioumnm 
If, therefore, I reject one result, I must reject both. I, 
however, reject neither, and thus stand in the presence of 
two Incomprehensibles, instead of one Incomprehensible, 
While accepting fearlessly the fact* of materialism dwelt 
upon in those pages, I bow my head in the dust before 
that mystery of mind, which ban hitherto defied its own 
penetrative power, and which may ultimately resolve itself 
into a demonstrable impossibility of wdf« penetration. 

But the seorot is an open (me —the practical monitions 
are plain enough, which declare that on our dealings with 
matter depend our weal and woe, physical and mornl, 
The state of mind which rebels against the recognition of 
the claims of “materialism” is not unknown to mo. I can 
remember a time when I regarded my body cm a weed, so 
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ich more highly did I prize the conscious strength and 
3asure derived from moral and religions feeling—which, 
may add, was mine without the intervention of dogma, 
le error was not an ignoble one, but this did not save 
from the penalty attached to error. Saner knowledge 
ight mo that the body is no weed, and that treated as 
ch it would infallibly avenge itself. Am I personally 
vered by this change of front? Not so. Give me their 
altli, and thore is no spiritual experience of those cai’> 
r years—no resolve of duty, or work of mercy, no work 
self-ronouncement, no solemnity of thought, no joy in 
3 life and aspects of nature—that would not still bo 
ne; and this without the least reference or regard to 
y purely personal roward or punishment looming in the 
ture. 

And now I have to utter a “ farewell’ ’ free from bitter- 
ss to all my readers; thanking my friends for a sym- 
thy more steadfast, I would fain believe, if less noisy, 
m the antipathy of my foes; and commending to these 
passage from Bishop Butler, which thoy have either not 
id or failed to lay to heart. u It seems,” saith the 
shop, “that men would bo strangely headstrong and 
f-willed, and disposed to exert themselves with an im- 
tuosity which would render society insupportable, and 
a living in it impracticable, were it not for some ae- 
,ired moderation and self-government, some aptitude 
d readiness in restraining themselves, and concealing 
air sense of things.” 


XI 


TH R HKV. 4AMKH M A ll'flN R A 1* \SU THU UK!.VAST 
AI’l'llVs* * 


P UIOU to the jml*lu*fitutn of the Fifth Edition t 
thesu ” Fragments’ 1 my alirutom had been directs 
by several estimable, and indeed eminent, person 
to an essay hy the ltev. James Mart inrun, »h deumudir 
serious consideration at my hands. I tried to give tl 
Otway tho attention claimed far it, ami jmhludied my vim 
of it an an IntrodueLum to Fart II, of the ‘’ Fragments, 
I there referred, nml here again refer with pleasure, 
thu accord sulwisting between Mr. Murtineuu ami my«K 
on certain points of biblical ('umnog.my, **iu mo far 
Bays be, n m Church belief m still committed to a giv 
Cosmogony and natural history of umu, it lien open 
scientific refutation.” And again: "It turns out il 
■with the sun and moon and stars, ami in ami on t 
earth, before and after the appearance of our men, qu 
otlier things have happened than those which the saer 
Cosmogony recites.” (hints more: "The whole history 
the genesis of things IloUgion must surrender to t 
Sciences.” Finally, still more emphatically: ” In the 
vestigation of the genetic order of things, Theology is 
intruder, and must stand aside.” This expresses, only 
words of fuller pith, the views which I ventured to em 

1 “VortnlghUy Review.” 

(288) 
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Cla te in Belfast. “The impregnable position of Science,” 
"tlaere say, “may be stated in a few words. We claim, 
we shall wrest from Theology, the entire domain of 
Cosmological theory.” Thus Theology, so far as it is 
^^presented by Mr. Martineau, and Science, so far as 1 
^•-^clerstand it, are in absolute harmony here. 

IBut Mr. Martineau would have just reason to complain 
0; £ me if, by partial citation, I left my readers under the 
^•^^-pression that the agreement between us is complete. 
-A-ti the opening of the eighty-ninth Session of the Man- 
<^lxoster New College, London, on October 6, 1874, he, its 
Principal, delivered an Address bearing the title “Relig¬ 
ion. as affected by Modern Materialism”; the references 
a nd general tone of which make evident the depth of its 
^Trtlior’s discontent with my previous deliverance at Bel¬ 
fast. I find it difficult to grapple with the exact grounds 
of this discontent. Indeed, logically considered, the im¬ 
pression left upon my mind by an essay of great assthetic 
rnexit, containing many passages of exceeding beauty, and 
many sentiments which none but the pure in heart could 
nAter as they are uttered here, is vague and unsatisfactory. 
T lie author appears at times so brave and liberal, at times 
so timid and captious, and at times, if I dare say it, so 
i xm perfectly informed, regarding the position he assails. 

At the outset of his Address Mr. Martineau states with 
some distinctness his “sources of religions faith.” They 
are two—“the scrutiny of Nature” and “the interpreta¬ 
tion of Sacred Books.” It would have been a theme 
worthy of his intelligence to have deduced from these 
•fcw r o sources his religion as it stands. But not another 
word is said about the “Sacred Books.” Having swept 
with the besom of Science various “books” contemptu- 
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ounly away, he dona not define the Baored residmij much 
Iohh give uh the mmoira why htt deems them nacred. 1 His 
re fore noon to “Nature,” on thn other hand, arc magnifi. 
cunt tirades against Nature, intended, apparently, to show 
the wholly abominable character of mnn‘n anteeeckmte if 
the theory of evolution In* true, Hera also his mood 
lacks steadiness, While joyfully accepting, nt one place, 
“the widening apace, the deepening vistas of time, the 
detected marvels of physiologies! structure, am! the rapid 
JUling-m of the missing links in the chain of organic 
Ufo,” ha falls, at another, into lamentation and mourn¬ 
ing over the very theory whieh renders 11 organic life 11 u a 
chain.” lie claims the largest lilwrality for his sect, and 
avows its contempt for the dangers of powildc discovery. 
But immediately afterward ho damages the claim, and 
ruins all confidence in the avowal, lie professes sym¬ 
pathy with modern Science, and almost in the sumo 
breath ho treats, or certainly will Be understood hi treat, 
the Atomic Theory, and the doctrine of the Conservation 
of Energy, as if they were a kind of scientific thimble* 
riggery. 

His ardor, moreover, renders him inaccurate; causing 
him to see discord between auientifta men where nothing 
But harmony reigns. In his celebrated Address hi the 
Congress of Gorman Naturforeohw, delivered at Leipzig, 
three years ago, Du Boia-Eeymond speaks thus: “What 
conceivable connection subsists Between definite move¬ 
ments of definite atoms in my Brain, on the one hand, 

1 Mr. M&rtfnetw’i u*o of tha term “morad” ta aaJnfcwtlMrtallf m Wading. 
In Mb later essay* w# are taught that he doe* aot m to tmtrlot It to the 
Bible. He does not, however, mention the “hooka’ 1 beyond thoee ot the Bible 
to which he would apply the term, 1870. 
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and, on the other hand, such primordial, indefinable, un¬ 
deniable, facts as these: I feel pain or pleasure; I expe¬ 
rience a sweet taste, or smell a rose, or hear an organ, or 
see something red. . . It is absolutely and forever incon¬ 
ceivable that a number of carbon, hydrogen, nitrogen, and 
oxygen atoms should be otherwise than indifferent as to 
their own position and motion, past, present, or future. 
It is utterly inconceivable how consciousness should result 
from their joint action. ” 

This language, which was spoken in 1872, Mr. Marti- 
neau “freely” translates, and quotes against me. The act 
is due to misapprehension. Evidence is at hand to prove 
that I employed similar language twenty years ago. It 
is to be found in the “Saturday Review” for 1860; but a 
sufficient illustration of the agreement between my friend 
Du Bois-Reymond and myself is furnished by the dis¬ 
course on “Scientific Materialism,” delivered in 1868, 
then widely circulated, and reprinted here. The reader 
who compares the two discourses will see that the same 
line of thought is pursued in both, and that perfect agree¬ 
ment reigns between my friend and me. In the very Ad¬ 
dress he criticises, Mr. Martineau might have seen that 
precisely the same position is maintained. A quotation 
will prove this: “Thus far,” I say, “our way is clear, but 
now comes my difficulty. Your atoms are individually 
without sensation, much more are they without intelli¬ 
gence. May I ask you, then, to try your hand upon this 
problem? Take your dead hydrogen atoms, your dead 
oxygen atoms, your dead carbon atoms, your dead nitro¬ 
gen atoms, your dead phosphorus atoms, and all the other 
atoms, dead as grains of shot,' of which the brain is 
formed. Imagine them separate and sensationless; ob- 

SCIENCE— YI — 11 
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servo them running together and forming all imaginable 
combinations Thin, as a purely mechanical prox-csa, is 
mabU by the mind. Hut can you see, t.r dream, or in 
any way imagine, how out of that merlmmeul act, and 
from those mdivitluully dead atoms, sensation, thought, 
and emotion are to rise? Are you likely to extract 
Homer out of the rattling of dire, or the IhlTerentiul Cal* 
cuius out of the clash of bUUanhhaUsV ... I ran fol* 
low a particle of musk until it reaches the olfactory nerve; 

I can follow the wnvoa of Houml until their tremor* reach 
the water of the labyrinth, and set the otolith* and (-orti’s 
fibres in motion; I ran also visually** the wave* of ether 
as they crons the oyu and hit the retina. Nay, more, l 
am able to pursue to the central organ the motion thus im¬ 
parted at the periphery, and to sec in idea the very mole¬ 
cules of the brain thrown into tremors. My insight is not 
baffled by these physical processes, What battles ami be¬ 
wilders me is the notion that from these physical tremors 
things ho utterly incongruous with them us sensation, 
thought, and emotion can be derived." It is only a 
complete misapprehension of our true ridntnMibhip that 
could induce Mr. Marthumu to represent l hi Hois Hey* 
mond and myself us opposed to each other. 

“The allluenco of illustration,” writes an able and sym¬ 
pathetic reviewer of this essay, in the New York “Trib¬ 
une,” “in which Mr, Martiuuau delights often impairs the 
distinctness of his statements by diverting the attention of 
the reader from the essential points of his discussion to 
the beauty of his imagery, and thus diminishes their -power 
of conviction.” To the beauties here referred to I bear 
willing testimony; but the reviewer is strictly just in his 
estimate of their effect upon my critic’** logic, Thu “ufilu* 
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oia.ce of illustration,” and tlie "heat, and haze, and haste, 
generated hj its reaction upon Mr. Martineau’s own mind, 
often produce vagueness where precision is the one thing 
*xeedful—poetic fervor where we require judicial calm; and 
practical unfairness where the strictest justice ought to he, 
a*md I willingly believe is meant to be, observed. 

In one of his nobler passages Mr. Martineau tells ns 
tkow the pupils of his college have been educated hitherto: 
* *■ They have been trained under the assumptions (1) that 
-fch.e Universe which includes us and folds us round is the 
life-dwelling of an Eternal Mind; (2) that the world of our 
a/bode is the scene of a moral government, incipient but 
xiot complete; and (8) that the upper zones of human affec¬ 
tion, above the clouds of self and passion, take us into the 
sphere of a Divine Communion. Into this over-arching 
scene it is that growing thought and enthusiasm have ex¬ 
panded to catch their light and fire.” 

Alpine summits seem to kindle above us as we read 
these glowing words; we see their beauty and feel their 
life. At the close of one of the essays here printed,* I 
thus refer to the “Communion” which Mr. Martineau calls 
“Divine”: “ ‘Two things,’ said Immanuel Kant, ‘fill me 
•with awe—the starry heavens, and the sense of moral re¬ 
sponsibility in man.’ And in his hours of health and 
strength and sanity, when the stroke of action has ceased, 
and the pause of reflection has set in, the scientific in- 
-vestigator finds himself overshadowed by the same awe. 
Breaking contact with the hampering details of earth, it 
associates him with a Power which gives fulness and tone 
ibo his existence, but which he can neither analyze nor 


' “Scientific Use of the Imagination. 1 
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comprehend.” Though “knowledge” is here disavowed, 
the “feelings” of Mr. Martinoau and myself arc, I think, 
very much alike. Ho, nevertheless, censures me—almost 
denounces mo—for referring Keligion to the region of 
Emotion. Surely he is inconsistent here. The foregoing 
words refer to an inward hue or temperature, rather than 
to an external object of thought. When T attempt to give 
the Power which I see manifested in the Universe an ob¬ 
jective form, personal or otherwise, it slips away from me, 
declining all intellectual manipulation. I dare not, save 
poetically, use the pronoun “Ho” regarding it; I dare not 
call it a “Mind”; I refuse to call it even a “Cause.” Its 
mystery ovorshadows mo; but it remains a mystery, while 
the objective frames which some of my neighbors try to 
make it fit seem to me to distort and desecrate it. 

It is otherwise with Mr. Martinoau, and hence his dis¬ 
content. Ho professes to hiow where I only claim to feel. 
He could make his contention good against me if, by a 
process of verification, he would transform his assump¬ 
tions into “objective knowledge.” But lie makes no at¬ 
tempt to do so. They remain assumptions from the begin¬ 
ning of his Address to its end. And yet be frequently 
uses the word “unverified,” as if it were fatal to the posi¬ 
tion on which its incidence falls. “The scrutiny of Nat¬ 
ure” is one of his sources of “religious faith”: what 
logioal foothold does that scrutiny furnish, on which any 
one of the foregoing three assumptions could be planted? 
Nature, according to his picturing, is base and cruel: what 
is the inference to be drawn regarding its Author? If 
Nature be “red in tooth and claw,” who is responsible? 
On a Mindless nature Mr. Martinoau pours the full torrent 
of his gorgeous invective; but oould the “assumption” of 
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“an Eternal Mind”—eyen of a Beneficent Eternal Mind— 
render tlie world objectively a whit less mean and ugly 
than it is? Not an iota. It is man’s feelings, and not 
external phenomena, that are influenced by the assump¬ 
tion. It adds not a ray of light nor a strain of music to 
the objective sum of tilings. It does not touch the phe¬ 
nomena of physical nature—storm, flood, or fire—nor di¬ 
minish by a pang the bloody combats of the animal world. 
But it docs add the glow of religious emotion to the hu¬ 
man soul, as represented by Mr. Martineau. Boyond this 
I defy him to go; and yet ho rashly—it might bo said 
petulantly—kicks away the only philosophic foundation on 
which it is possible for him to build his religion. 

He twits incidentally the modern scientific interpreta¬ 
tion of nature because of its want of cheerfulness. “Let 
the new future,” lie says, “preach its own gospel, and de¬ 
vise, if it can, the means of making the tidings glad. 1 ' 
This is a oommon argument: “If you only knew the com¬ 
fort of belief I” My reply is that I choose the nobler part 
of Emerson, when, after various disonchantments, ho ex¬ 
claimed, “I covet truth!" The gladness of true heroism 
visits the heart of him who is really competent to say 
this. Besides, “gladness” is an emotion, and Mr. Marti¬ 
neau theoretically scorns the emotional. I am not, how¬ 
ever, acquainted with a writer who draws more largely 
upon this source, while mistaking it for something objec¬ 
tive. “To reach the Cause,” he says, “there is no need 
to go into the past, as though, being missed here, He 
oould be found thoro. But when once II© has been appre¬ 
hended by the proper organs of divine apprehension, the 
whole life of Humanity is recognized as the scene of His 
agency.” That Mr. Martineau should have lived so long, 
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thought m much, and failed to recognize the mitmdy sub. 
joctivo character of this mmd, w highly instructive. Ilia 
‘‘proper organs of divine apprehension”.—-given, we must 
ostuimo, to Mr, Murtineau and Iuh pupils, hut denied to 
many of the greatest mudhx-.ts and noblest men in this 
and other ages -lie at the very turns of hi* emotions. 

In fact, it irt when Mr. Murtineau U moat purely ©mo¬ 
tional that ho scorns tiui rmutnma; it i« when he » moat 
purely subjective that he reject* Hubjeetivity. He pays a 
just and liberal tribute to tins character of John Stuart 
Mill. But in the light of Mill's* philosophy, beuevuloueo, 
honor, purity, having “shrunk into mere uimeeredited sub¬ 
jective susceptibilities, have lust all support from Omnia* 
ciuut approval, and all presumable imeurduttce with the 
reality of things.” If Mr. Martiueau had given them any 
inkling of the process hv which he renders the “subjec* 
tivo Hiiscuptibilitics” objective, or how he arrives at nil 
objective ground of “Omniscient upprovul, “ gratitude from 
his pupils would have been bin juni meed. Hut, as it in, 
lie leaves them lost in an iridescent cloud of words, after 
exciting a desire which ho is ineompeieut to appease. 

"Wo are,” ho says, in another plaee, “forever shaping 
our representations of invisible tilings into forms of deli* 
nlte opinion, and throwing them to the front, ns if they 
were the photographic equivalent of our real faith. It is 
a delusion which affects us all. Yet somehow the essence 
of our religion never finds its way into these frames of 
theory: as wo put thoui together it slips away, and, if wo 
turn to pursue it, still retreats behind; ever ready to work 
with the will, to unbind and sweeten the affections, and 
bathe the life with reverence, but refusing to be seen, or 
to pass from a divine hue of thinking into a human put- 



because the man who utters it obviously brings it all out 
of the treasury of his own heart. But the “hue” and 
“pattern” here so finely spoken of, the former refusing to 
pass into the latter, are neither more nor less than that 
“emotion,” on the one hand, and that “objective knowl¬ 
edge,” on the other, which have drawn this suicidal fire 
from Mr. Martineau’s battery. 

I now come to one of the most serious portions of Mr. 
Martineau’s pamphlet—serious far loss on account of its 
“personal errors” than of its intrinsic gravity, though its 
author has thought fit to give it a witty and sarcastic 
tone. He analyzes and criticises “the materialist doctrine, 
which, in our time, is proclaimed with so much pomp, 
and resisted with so much passion. ‘Mattor is all I want,’ 
says the physicist; ‘give mo its atoms alone, and I will 
explain the universe. ’ ” It is thought, even by Mr. Mar¬ 
tineau’s intimate friends, that in this pamphlet he is an¬ 
swering me. I must therofore ask the reader to contrast 
the foregoing travesty with what I really do say regarding 
atoms: “I do not think that ho [the materialist] is en¬ 
titled to say that his molecular groupings and motions 
explain everything. In reality, they explain nothing. 
The utmost he can affirm is the association of two classes 
of phenomena, of whose real bond of union he is in ab¬ 
solute ignorance.” 1 This is very different from saying, 
“Give me its atoms alone, and I will explain the uni¬ 
verse.” Mr. Martinoau continues his dialogue with the 
physicist: “ ‘Good , 1 he says; ‘take as many atoms as you 
please. See that they have all that is requisite to Body 


1 Address on “Sclentlflo Materialism. ! 
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[a metaphysical B), Being homogeneous extended solids.* 
‘That is not enough,’ his physicist replies; l it might do 
for Democritus and tlm mathemntieiuus, hut I munt have 
something more. The atoms must not only ho in motion, 
and of various shapes, hut also of hh many Kinds hh there 
are oliornieal elements: for how could I o\«<r j-H water if 
] Inul only hydrogen elements to work with V ‘So he it,’ 
Mr. Martinenu consents to answer, ‘only thin is n coined* 
orahle enlargement of your specified datum (where, and 
by whom sped lied ?]— in fact, a conversion of it into sev¬ 
eral; yet, oven at the cost of its monism (put into it hy 
Mr. Martinenu], your scheme seems hardly hi gain its 
end; for hy what manipulation of your resources will 
you, Tor example, educe Consciousness?' “ 

This reads like pleasantry, hut it deals with serious 
things. Bor the last seven years the question here pro¬ 
posed hy Mr. Martinenu, and my answer to it, have been 
accessible to all. Tim question, in my words, is briefly 
this: U A man can say, T feel, f think, I love , 1 but how 
doos consciousness infuse itself into the problem V" And 
hero is my answer: “The passage from the physics of the 
brain to the corresponding facto of consciousness is un¬ 
thinkable. Granted that a definite tlumght and a definite 
molecular action in the brain occur simultiummwly; we 
do not possess the intellectual organ, nor apparently any 
rudiment of the organ, which would enable us to pass, 
by a process of reasoning, from the one to the other. 
Thoy appear together, but we do not know why. Were 
our minds and senses so expanded, strengthened, ami 
illuminated, as to enable us to see and feel the very mole¬ 
cules of the brain; were we capable of following all their 
motions, all their groupings, all their electric discharges, 
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if such there be; and were we intimately acquainted with 
the corresponding states of thought and feeling, we should " 
be as far as ever from the solution of the problem, ‘How 
are these physical processes connected with the facts of 
consciousness?’ The chasm between the two classes of 
phenomena would still remain intellectually impassable. ’ ’ 1 
Compare this with the answer which Mr. Martineau puts 
into the mouth of his physicist, and with which I am gen¬ 
erally credited by Mr. Martineau’s readers, both in Eng¬ 
land and America: “ ‘It [the problem of consciousness] 
does not daunt me at all. Of course you understand that 
all along my atoms have been affected by* gravitation and 
polarity; and now I have only to insist with Fechner on 
a difference among molecules: there are the inorganic , 
which can change only their place , like the particles in an 
undulation; and there are the organic , which can change 
their order , as in a globule that turns itself inside out. 
With an adequate number of these our problem will be 
manageable.’ ‘Likely enough,’ we may say [*entirely un¬ 
likely,’ say I], ‘seeing how careful you are to provide for 
all emergencies; and if any hitch should occur in the next 
step, where you will have to pass from mere sentiency to 
thought and will, you can again look in upon your atoms, 
and fling among them a handful of Leibnitz’s monads, 
to serve as souls in little, and be ready, in a latent form, 
with that V orstellungs-fahigkeit which our picturesque 
interpreters of nature so much prize.’ ” 

“But surely,” continues Mr. Martineau, “you must 
observe that this ‘matter’ of yours alters its style with 


i Bishop Butler’s reply to the Lucretian in the “Belfast Address’’ is all in 
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every change of Horviee: h tar ting uh ft beggar with nearoe 
a rag of ‘property’ to cover its bones, it turuH up ug a 
prince when largo undertaking* are wanted. ‘We muRt 
radically change our notion* of matter,’ way* Professor 
Tyndall; and then, he ventureH to believe, it wdl answer 
all demand*, carrying ‘the promise and potency of all terrea- 
trial life.’ Tf the measure of the required ‘change in our 
notion*’ had been Hpeeillud, the proposition would have 
had a real meaning, and been suseeptihle of a test. It is 
cany travelling through the stage* of mudi a hypothesis; 
you deposit at your hank a round stun ere you atari, and, 
drawing on it pieeomeal at every pause, complete your 
grand tour without a debt” 

. The last paragraph of thin argument is forcibly and 
ably stated. On it I am willing to try eonelumon* with 
Mr. Martin can. I may sav, in passing, that 1 share his 
contempt for the picturesque interpretation of nature, if 
accuracy of vision be thereby impaired. But the term 
TorsteH ungs-ffihigkeit, as used by me, means the power 
of definite mental presentation, of attaching to words the 
corresponding objects of thought, and of weeing these in 
their proper relations, without the interior haze and soft 
penumbral borders which the theologian loves. To this 
mode of “interpreting nature” I shall to the best of my 
ability now adhere. 

Neither of uh, X trust, will he afraid or ashamed to 
begin at the alphabet of this question. Our first effort 
must be to understand oaoh other, and this mutual under¬ 
standing can only be insured by beginning low down. 
Physically speaking, however, we need not go below the 
sea level. Let us then travel in company to the Caribbean 
Sea, and halt upon the heated water. What is that sea, 
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and what is the sun that heats it? Answering for my¬ 
self, I say that they are both matter. I fill a glass with 
the sea-water and expose it on the deck of the vessel; 
after some time the liquid has all disappeared, and left 
a solid residue of salt in the glass behind. We have mo¬ 
bility, invisibility—apparent annihilation. In virtue of 

The glad and secret aid 
The sun unto the ocean paid, 

the water has taken to itself wings and flown off as vapor. 
From the whole surface of the Caribbean Sea such vapor 
is rising: and now we must follow it—not upon our legs, 
however, nor in a ship, nor even in a balloon, but by the 
mind’s eye—in other words, by that power of Vorstellung 
which Mr. Martineau knows so well, and which he so 
justly scorns when it indulges in loose practices. 

Compounding, then, the northward motion of the vapor 
with the earth’s axial rotation, we track our fugitive 
through the higher atmospheric regions, obliquely across 
the Atlantic Ocean to Western Europe, and on to our 
familiar Alps. Here another wonderful metamorphosis 
occurs. Floating on the cold calm air, and in presence 
of the cold firmament, the vapor condenses, not only to 
particles of water, but to particles of crystalline water. 
These coalesce to stars of snow, which fall upon the moun¬ 
tains in forms so exquisite that, when first seen, they 
never fail to excite rapture. As to beauty, indeed, they 
put the work of the lapidary to shame, while as to accu¬ 
racy they render concrete the abstractions of the geom¬ 
eter. Are these crystals “matter”? Without presuming 
to dogmatize, I answer for myself in the affirmative. 

Still, a formative 'power has obviously here come into 
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play which did not manifest itself in either the liquid or 
the vapor. The question now us, Was not the power 
“potential" in both of them, requiring only the proper 
conditions of temperature to bring it into notion? Again, 

I answer for myself in the unintuitive. I urn, however, 
quite willing to discuss with Mr. Mnrtineau the alternative 
hypothesis, that an imponderable formative soul unites 
itself with the substance after its escape from the liquid 
state. If ho should espouse this hypothesis, then I should 
demand of him an immediate exercise of that Vorstellungs* 
Miigkeit, with which, in my efforts to think clearly, I 
can never dispense, T should usk, At what moment did 
the soul come in? Bid it enter at once or by degrees; 
perfect from the first, or growing and perfecting itself 
contemporaneously with its own handiwork? I should 
also ask whether it is localized or diffused? Does it move 
about as a lonely builder, putting the bits of solid water 
in their places as soon as the proper temperature has set 
in? or is it distributed through the entire mass of the 
crystal? If the latter, then the soul has the shape of 
the crystal; but if the former, then I should inquire after 
its shape. lias it legs or arms? If not, I would ask it 
to be made clear to me how a thing without these appli¬ 
ances can act so perfectly the part of a builder? (I insist 
on definition, and ask unusual questions, if haply I might 
thereby banish unmeaning words.) What were the eondi* 
tion and residence of the soul before it joined the crystal? 
What becomes of it when the crystal is dissolved? Why 
should a particular temperature be needed before it can 
exercise its vocation ? Finally, is the problem before us 
in any way simplified by the assumption of its existence? 
1 think it probable that, after a full discussion of the quos- 
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tion, Mr. Martineau -would agree with, me in ascribing the 
building power displayed in the crystal to the bits of 
water themselves. At all events, I should count upon his 
sympathy so far as to believe that he would consider any 
one unmannerly who would denounce me for rejecting this 
notion of a separate soul, and for holding the snow-crystal 
to be “matter.” 

But then what an astonishing addition is here made to 
the powers of matter! Who would have dreamed, without 
actually seeing its work, that such a power was locked up 
in a drop of water? All that we needed to make the 
action of the liquid intelligible was the assumption of 
Mr. Martineau’s “homogeneous extended atomic solids,” 
smoothly gliding over one another. But had we sup¬ 
posed the water to be nothing more than this, we should 
have ignorantly defrauded it of an intrinsic architectural 
power, which the art of man, even when pushed to its 
utmost degree of refinement, is incompetent to imitate. 
I would invite Mr. Martineau to consider how inappro¬ 
priate his figure of a fictitious bank deposit becomes under 
these circumstances. The “account current” of matter 
receives nothing at my hands which could be honestly 
kept back from it. If, then, “Democritus and the mathe¬ 
maticians” so defined matter as to exclude the powers here 
proved to belong to it, they were clearly wrong, and Mr. 
Martineau, instead of twitting me with my departure from 
them, ought rather to applaud me for correcting them.* 


1 Definition implies previous examination of the object defined, and is oDen 
to correction or modification as knowledge of the object increases, f 
creased knowledge has radically changed our conceptions of. the 
ether, converting its vibrations from longitudinal into transverse, 
also Mr. Martineau’a conceptions of matter are doomed to under; 
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The reader of my small contributions to the literature 
which dcalrt with the overlapping margins of Science and 
Theology, will have noticed h»>w frequently 1 quote Mr. 
Emerson. I do bo mainly because in him we have a poet 
and a profoundly religious man, who in really ami entirely 
undaunted by the discoveries of Science, punt, present, 
or prospective. In bin ease Poetry, with the joy of a 
bacchanal, takes her graver brother Science by the hand, 
and cheera him with immortal laughter, By Emerson 
scientific conceptions are continually transmuted into the 
finer forms and warmer hues of an ideal world. Our 
present theme is touched upon in the linen - 

Tlio jmmutyiisg atom*, jirluinrtlinl wfutlr* 

Umily draw, firmly drive tiy tlmir aniline** jwd«, 

As regards voracity and insight these few words outweigh, 
in my estimation, all the formal learning expended by Mr, 
Martineau in those disquisitions on Force, where he treats 
the physicist as a conjurer, and speaks so wittily of atomic 
polarity. In fact, without this notion of polarity this 
“drawing" and “driving”—this attraction and repulsion, 
we stand as stupidly dumb before the phenomena of Crys¬ 
tallization as a Bushman before the phenomena id the 
Solar System. The genesis ami growth of the notion I 
have endoavorod to make clear in my third Bee turn on 
Light, and in the article on “Matter and Force” published 
in this volume. 

Our further course is here foreshadowed. A Sunday 
or two ago I stood under an oak planted by Sir John 
Moore, the hero of Corunna. On the ground near the 
tree little, oaklets were successfully fighting for life with 
the surrounding vegetation. The acorns had dropped into 
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tlie friendly soil, and this was the result of their interac¬ 
tion. What is the acorn? what the earth? and what the 
sun, without whose heat and light the tree could not be¬ 
come a tree, however rich the soil, and however healthy 
the seed? I answer for myself as before—all “matter.” 
And the heat and light which here play so potent a part 
are acknowledged to be motions of matter. By taking 
something much lower down in the vegetable kingdom 
than the oak, we might approach much more nearly to 
the case of crystallization already discussed; but this is 
not now necessary. 

If, instead of conceding the sufficiency of matter here, 
Mr. Martineau should fly to the hypothesis of a vegetative 
soul, all the questions before asked in relation to the 
snow-star become pertinent. I would invite him to go 
over them one by one, and consider what replies he will 
make to them. He may retort by asking me, “Who in¬ 
fused the principle of life into the tree?” I say, in an¬ 
swer, that our present question is not this, but another— 
not who made the tree, but what is it ? Is there anything 
besides matter in the tree ? If so, what, and where ? Mr. 
Martineau may have begun by this time to discern that it 
is not “picturesqueness,” but cold precision, that my Vor- 
stellungs-fahigkeit demands. How, I would ask, is this 
vegetative soul to be presented to the mind ? where did it 
flourish before the tree grew? and what will become of 
it when the tree is sawn into planks, or consumed in fire? 

Possibly Mr. Martineau may consider the assumption of 
this soul to be as untenable and as useless as I do. But 
then if the power to build a tree be conceded to pure mat¬ 
ter, what an amazing expansion of our notions of the “po¬ 
tency of matter” is implied in the concession! Think of 
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the acorn, of the earth, and of the solar light and heat— 
was ever such necromancy dreamed of as the production 
of that massive trunk, those swaying boughs and whisper- 
mg leaves, from the interaction of these three factors ? In 
this interaction, moreover, consists what wo call life. It 
will be seon that I am not in the least insensible to the 
wonder of the tree; nay, I should not be surprised if, in 
tho presence of this wonder, I fool more perplexed and 
overwhelmed than Mr. Martinoau himself. 

Consider it for a moment. There is an experiment, 
first made by "Wheatstone, where the musio of a piano is 
transferred from its sound-board, through a thin wooden 
rod, across several silent rooms in succession, and poured 
out at a distance from the instrument The strings of the 
piano vibrate, not singly, but ten at a time, Kvery string 
subdivides, yielding not one note, but a dozen. All those 
vibrations and subvibrations are crowded together into a 
bit of deal not more than a quarter of a square inch in 
section. Yot no note is lost. Kach vibration asserts its 
individual rights; and all are, at last, shaken forth into 
the air by a second sound-board, against which the dis¬ 
tant end of the rod presses. Thought ends in amazement 
when it seeks to realize the motions of that rod as the 
music flows through it, I turn to my tree and observe its 
roots, its trunk, its branches, and its leaves. As the rod 
conveys the music, and yields it up to the distant air, so 
does the trunk convey the matter and the motion—tho 
shocks and pulses and other vital actions—-which event¬ 
ually emerge in the umbrageous foliage of the tree. I 
went some time ago through the greenhensj of a friend. 
He had ferns from Ceylon, the branches of which were in 
some oases not much thicker than an ordinary pin— hard, 
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smooth, and cylindrical—often leafless for a foot or more. 
But at the end of every one of them the unsightly twig 
unlocked the exuberant beauty hidden within it, and broke 
forth into a mass of fronds, almost large enough to fill the 
arms. ¥e stand here upon a higher level of the wonder¬ 
ful: we are conscious of a music subtler than that of the 
piano, passing unheard through these tiny boughs, and 
issuing in what Mr. Martineau would opulently call the 
“clustered magnificence” of the leaves. Does it lessen 
my amazement to know that every cluster, and every leaf 
—their form and texture—lie, like the music in the rod, 
in the molecular structure of these apparently insignificant 
stems? Not so. Mr. Martineau weeps for “the beauty of 
the flower fading into a necessity.” I care not whether it 
comes to me through necessity or through freedom, my 
delight in it is all the same. I see what he sees with a 
wonder superadded. To me, as to him, not even Solomon 
in all his glory was arrayed like one of these. 

I have spoken above as if the assumption of a soul 
would save Mr. Martineau from the inconsistency of cred¬ 
iting pure matter with the astonishing building power dis¬ 
played in crystals and trees. This, however, would not 
he the necessary result; for it would remain to be proved 
that the soul assumed is not itself matter. "When a boy I 
learned from Dr. Watts that the souls of conscious brutes 
are mere matter. And the man who would claim for mat¬ 
ter the human soul itself, would find himself in very or¬ 
thodox company. “All that is created,” says Fauste, a 
famous French bishop of the fifth century, “is matter. 
The soul occupies a place; it is enclosed in a body; it 
quits the body at death, and returns to it at the resurrec¬ 
tion, as in the case of Lazarus; the distinction between 
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XXoll and Heaven, between eternal pleasures and eternal 
pains, proven that, even after death, souls occupy a place 
and are corporeal. God only is incorporeal.” Tertullian, 
moreover, was quite a physicist in the definiteness of his 
conceptions regarding the soul. ‘'The materiality of the 
bouI,” ho says, “in evident from the evangelists. A hu¬ 
man houI in there expressly pictured m suffering in hall; 
it in placed in the middle of a flame, its tongue feels a 
cruel agony, and it implore** a drop of water at the hands 
of a happier houI. Wanting materiality " add« Tertullian, 
i{ all this woultl be without, meaning," ' 

I have glanced at inorganic nature- -at the mm, and the 
sun, and the vapor, and the snow flake, ami at organic 
nature an represented by the fern and the oak. That 
flame sun which warmed the water and liberated the 
vapor exerts a subtler power on the nutriment of the 
tree. It takes hold of matter wholly unfit for the pur¬ 
poses of nutrition, separates its nutritive from its rum- 
nutritive portions, gives the former to the vegetable, and 
carries the others away. Planted in the earth, bathed by 
the air, and tended by the sun, the true is traversed by 
its sap, the colls are formed, the woody fibre is spun, and 
the whole is woven to a texture wonderful even to the 
naked eye, but a million-fold more so to microscopic vis- 


1 The foregoing extracts, which M. Alglave rmmtly brought U» light tut the 
bonotlt of tho IHnhop of Orleans, are taken from the sixth I^ctiuro at Urn "(lours 
d’Hiatolre Mudorno" of that most orthodox of stateMttmu, H. thiixoi. ”1 could 
multiply,” continues M. Guisot, ”th««» citations to Influlty, ami limy prove that 
in the ttrat centuries of our era the materiality of the emit wm an opinion 
not only permitted, but dominant,'' Dr. Morlarty, and the synod which ho 
recently addressed, obviously forget their own antecedents. Their boasted «im- 
ceaslon from the early Church renders them Urn direct offspring of a "material 
iem” more "brutal” than, any eyer euunotated by out, 
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. Does consciousness mix in any way with these proo¬ 
fs? No man can tell. Our only ground for a negative 
elusion is the absence of those outward manifestations 
n which feeling is usually inferred. But even these 
not entirely absent. In the greenhouses of Kow we 
y see that a leaf can close, in response to a proper 
aulus, as promptly as the human fingers themselvesj 
. while there Dr. Iloolcor will toll us of the wondrous 
catching and lly-dovouring power of the Diomea. No 
1 can say that the feelings of the animal are not repra¬ 
ted by a drowsier consciousness in the vegetable world, 
all events, no line has over been drawn between the 
scious and the unconscious; for the vegetable shades 
) the animal by such fine gradations that it is i rapes- 
.e to say whore the one ends and the other begins. 

In all such inquiries wo are necessarily limited by our 
i powers: we observe what our senses, armed with the 
3 furnished by Science, enable us to observe; nothing 
re. The evidences as to consciousness in the vegetable 
•Id depend wholly npon our capacity to observe and 
gh them. Alter the capacity, and the evidence would 
t too. Would that which to us is a total absence of 
' manifestation of consciousness be the same to a being 
h our capacities indefinitely multiplied ? To such a 
ng I can imagine not only the vegetable, but the min* 
l world, responsive to the proper irritants, the response 
ering only in degree from those exaggerated manifeata* 
is, which, in virtue of their magnitude, appeal to our 
dc powers of observation. 

Our conclusion, however, must be based, not on pow. 

that wo imagine, but upon those that we possess. 
Lat do they reveal ? As the earth and atmosphere of* 
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fer themselves n» the nutriment of the vegetable world, so 

dotm tho hitter, which eon tetris no ranstituent not found 
in inorganic nature, offer itself to the animal world. 
Mixed with certain inorganic substation*---water, for ex* 
ample—-the vegetable constitutes, in the long run, the sole 
sustenance of the animal. Animals* may 1h> divided into 
two classes, the first of whieh can utiliw the vegetable 
world immediately, having chemical forces strong enough 
to cope with its most refractory parte; the second class 
two the vegetable world mediately; that in to m%y, after its 
finer portions have beam extracted ami stored up by the 
first But in neither olnan have we an atom newly created, 
The animal world is, ho to say, a distillation through the 
vegetable world from inorganic nature, 

From this point of view all three worlds would con* 
stitute a unity, in which t pic turn life tut immanent every* 
where. Nor am I anxious to shut out the idea that the 
life here spoken of may be but a subordinate part and 
function of a Higher Life, ah the living, moving blood is 
subordinate to the living man. I resist no such idea as 
long as it in not dogmatically imposed. Left for the hu¬ 
man mind freely to operate upon, the idea has ethical 
vitality; but, stiffened into a dogma, tho inner force dis¬ 
appears, and the outward yoke of a usurping hierarchy 
takes its place. 

The problem before us is, at all events, capable of 
definite statement. We have on the on© hand strong 
grounds for concluding that the earth was once a molten 
mass. Wo now find it not only swathed by an atmos¬ 
phere, and, covered by a sea, but also crowded with living 
things. The question is, How were they introduced? 
Certainty may be as unattainable here as Bishop Butler 
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held it to be in matters of religion; but in the contempla¬ 
tion of probabilities the thoughtful mind is forced to take 
a side. The conclusion of Science, which recognizes un¬ 
broken causal connection between the past and the pres¬ 
ent, would undoubtedly be that the molten earth contained 
within it elements of life, which grouped themselves into 
their present forms as the planet cooled. The difficulty 
and reluctance encountered by this conception arise solely 
from the fact that the theologic conception obtained a 
prior footing in the human mind. Did the latter depend 
upon reasoning alone, it could not hold its ground for an 
hour against its rival. But it is warmed into life and 
strength by associated hopes and fears—and not only by 
these, which are more or less mean, but by that loftiness 
of thought and feeling which lifts its possessor above the 
atmosphere of self, and which the theologic idea, in its 
nobler forms, has engendered .in noble minds. 

"Were not man’s origin implicated, we should accept 
without a murmur the derivation of animal and vegetable 
life from what we call inorganic nature. The conclusion 
of pure intellect points this way and no other. But the 
purity is troubled by our interests in this life, and by our 
hopes and fears regarding the life to come. Reason is 
traversed by the emotions, anger rising in the weaker 
heads to the height of suggesting that the suppression of 
the inquirer by the arm of the law would be an act agree¬ 
able to God, and serviceable to man. But this foolish¬ 
ness is more than neutralized by the sympathy "of the wise; 
and in England at least, so long as the courtesy which 
befits an earnest theme is adhered to, such sympathy is 
ever ready for an honest man. None of us here need 
shrink from saying all that he has a right to say. We 
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ought, however, to remember that it in net only a band 
of Jesuits, weaving their schemes of intellectual slavery, 
under the innocent guise “of education," that we are 
opposing. Our foes are to some extent of our own house¬ 
hold, including not only the ignorant and the passionate, 
but a minority of minds of high calibre and culture, lovers 
of freedom moreover, who, though its objective hull be 
riddled by logic, still find the ethic life of their religion 
unimpaired. But while such considerations ought to influ¬ 
ence the form of our argument, and prevent it from ever 
slipping out of the region of courtesy into that of scorn 
or abuse, its subn{tmcr, T think, ought to be) maintained 
and presented in unmitigated strength. 

In the year 1866 the chair of philosophy in the Uni¬ 
versity of Munich happened to be filled by a Catholic 
priest of great critical penetration, great learning, and 
groat courage, who had borne the brunt of battle long be¬ 
fore Dellinger. His Jesuit colleagues, he knew, incul¬ 
cated the belief that every human soul is sent into the 
world from God by a separate and supernatural act of 
creation. In & work entitled the “Origin of the Human 
Soul,” Professor Prohsohammer, the philosopher here al¬ 
luded to, was hardy enough to question this doctrine, 
and to affirm that man, body and soul, comes from his 
parents, the act of creation being, therefore, mediate and 
secondary only. The Jesuits keep a sharp lookout on 
all temerities of this kind; and their organ, the “Civility 
Oattolica,” immediately pounced upon Prohsohammer. 
His book was branded as “pestilent,” placed in the Index, 
and stamped with the condemnation of the Church.* The 

1 King Maximilian II. brought Lioblg to Munich, ho htdjmd Holmhulu in 
liis reaearohoB, and loved to liberate and foster edenee. But through hia lilmral 
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Jesuit notion does not err on the score of indefiniteness. 
According to it, the Power whom Groethe does not dare 
to name, and whom Gassendi and Clerk Maxwell present 
to us under the guise of a “Manufacturer” of atoms, turns 
out annually, for England and Wales alone, a quarter 
of a million of new souls. Taken in connection with the 
dictum of Mr. Carlyle, that this annual increment to our 
population are “mostly fools,” but little profit to the 
human heart seems derivable from this mode of regarding 
the Divine operations. 

But if the Jesuit notion be rejected, what are we to 
accept? Physiologists say that every human being comes 
from an egg not more than the -dhrth of an inch in diam¬ 
eter. Is this egg matter? I hold it to be so, as much 
as the seed of a fern or of an oak. Nine months go to 
the making of it into a man. Are the additions made 
during this period of gestation drawn from matter? I 
think so undoubtedly. If there be anything besides mat¬ 
ter in the egg, or in the infant subsequently slumbering 
in the womb, what is it? The questions already asked 
with reference to the stars of snow may be here repeated. 
Mr. Martineau will complain that I am disenchanting the 
babe of its wonder; but is this the case? I figure it grow¬ 
ing in the womb, woven by a something not itself, without 
conscious participation on the part of either father or 
mother, and appearing in due time a living miracle, with 
all its organs and all their implications. Consider the 
work accomplished during these nine months in forming 


concession of power to the Jesuits in the schools, he did far more damage to the 
intellectual freedom of his country than his superstitious predecessor Ludwig I. 
Priding himself on being a German Prince, Ludwig would not tolerate the inter¬ 
ference of the Roman party with the political affairs of Bavaria. 
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the eye alone -with its Ions, itmi its humors, and its mi- 
raculouH retina behind, Consider tho mr with its tyta. 
panum, eouhkm, ami Corns organ —-uti instrument of three 
thouHand string*, built adjacent U* the brain, and employed 
by it to sift, separate, »uul interpret, antecedent to »U uon.- 
fudouHiioHH, tilt* sonorous tremors of the external world. 
AH thin Iiuh been accomplished, not only without man’s 
contrivance, but without bin knowledge, the secret of his 
own orgunisattion having boon withheld from him since 
his birth in tho immeasurable past, until those latter days. 
Matter I define m that mysterious thing by whhdi all this 
ii accomplished. I low it cmtiw to have this power is a 
question on which 1 never ventured an opinion. If, thou, 
Matter starts m “a beggar,“ it is, in my view, betmusu the 
Jacobs of theology have deprived it of ite birthright. Mr. 
Marti neau need fear no dimmuhantmenl. Theories of evo¬ 
lution go hut a short way toward the explanation of this 
mystery; the Ages, let us hopi, will at length give ua 
a Foot competent to dual witii it aright. 

There are men, and they uududo among them some of 
the best of the race of man, upon whose minds this mys¬ 
tery falls without producing either warmth or color. The 
“dry light” of the intellect suffice* far them, and they 
live their noble lives untouched by a desire to give tho 
mystery shape or expression. Thore are, cm the other 
hand, men whose minds are warmed and colored by ite 
presence, and who, under its stimulus, attain to moral 
heights which have never been overtopped. Different 
spiritual climates are necessary for the healthy existence 
of these two classes of men; and different climate* muat 
be accorded them. The history of humanity, however, 
proves the experience of the second das* to illustrate the 
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most pervading need. The world will have religion of 
some kind, even though it should fly for it to the intel¬ 
lectual whoredom of “spiritualism. ” What is really wanted, 
is the lifting power of an ideal element in human life. But 
the free play of this power must he preceded "by its release 
from the practical materialism of the present, as well as 
from the torn swaddling hands of the past. It is now in 
danger of being stupefied hy the one, -or strangled hy the 
other. I look, however, forward to a time when the 
strength, insight, and elevation which now visit us in 
mere hints and glimpses, during moments “of clearness 
and vigor,” shall be the stable and permanent possession 
of purer and mightier minds than ours—purer and might¬ 
ier, partly because of their deeper knowledge of matter 
and their more faithful conformity to its laws. 
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O NK «f the mml remarkable rharactonstir* of the 
age Iti which wo live, i« $te dmtre aud temleney 
to connect itmdf organically with preceding age® 
—to ascertain how the «tate of thing* that now is came to 
be what it is). And the more earnestly awl profoundly 
this problem it studied, tho more clearly mmw* into view 
the Vint Mid varied debt which the world of to-clay owns 
to that fore-world, in which man by skill, valor, and well* 
dirented strength first repltmbhwl ami mibdued the earth. 
Our prehistoric fathers may have l vmm wav ages, hut they 
were clever end observant once. They founded agricult¬ 
ure by the discovery end development of needs whose 
origin la now unknown. They tamed ami harnessed their 
animal antagonist*, and until thorn down to m m mitt* 
iatera, instead of rivals in the fight for life, letter on, 
when the claim* of luxury added themselves to those of 
necessity, we find the same spirit of invention at work. 
We have no historic account of the 11 rat brewer, but we 
glean from history that his art was practiced, and its 
produce relished, more than two thousand years ago. 
Theophrastus, who was born nearly four hundred years 

' A XHaoeuna cteUnwd btlor# U» OUwnw iteicttM Awioclirtioai 

Ootober 18 , 181 ®. 
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before Christ, described beer as the wine of barley . It is 
extremely difficult to preserve beer in a hot country, still, 
Egypt was the land in which it was first brewed, the desire 
of man to quench his thirst with this exhilarating bever¬ 
age overcoming all the obstacles which a hot climate threw 
in the way of its manufacture. 

Our remote ancestors had also learned by experience 
that wine maketh glad the heart of man. Noah, we are 
informed, planted a vineyard, drank of the wine, and 
experienced the consequences. But, though wine and 
beer possess so old a history, a very few years ago no man 
knew the secret of their formation. Indeed, it might be 
said that until the present year no thorough and scientific 
account was ever given of the agencies which come into 
play in the manufacture of beer, of the conditions neces¬ 
sary to its health, and of the maladies and vicissitudes to 
which it is subject. Hitherto the art and practice of the 
brewer have resembled those of the physician, both being 
founded on empirical observation. By this is meant the 
observation of facts, apart from the principles which ex¬ 
plain them, and which give the mind an intelligent mas¬ 
tery over them. The brewer learned from long experience 
the conditions, not the reasons, of success. But he had 
to contend, and has still to contend, against unexplained 
perplexities. Over and over again his care has been ren¬ 
dered nugatory; his beer has fallen into acidity or rotten¬ 
ness, and disastrous losses have been sustained, of which 
he has been unable to assign the cause. It is the hidden 
enemies against which the physician and the brewer have 
hitherto contended, that recent researches are dragging 
into the light of day, thus preparing the way for their 
final extermination. 
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Lot m glance for u moment at the outward and visible 
sign a of fermentation, A few work* ago I paid a, visit to 
a private Htill in a Swish chalet; and this $h what I mw, 
In the peasant's bedroom was a vnnk with n very large 
bunghole carefully closed. The cask contained cherries 
which had lain in it for fourteen day*. It mm net en> 
tirely filled with the fruit, an air apace being left above 
the cherries when they were put in. I had the bung re¬ 
moved, ami a small lamp dipped into tins apace. It* Dame 
was instantly extinguished. The oxygen of the air had 
entirely disappeared, it* place being taken hy carbonic 
acid gas.* I tented the cherries: they were very sour, 
though when put into the cask they were sweet. The 
cherries and the liquid wimdated with them weru then 
placed in a copper boiler, to which a copper head wm 
oloaoly fitted. From the head proceeded a ct»p|>er tuba 
which jaunted straight through a vessel of cold water, and 
issued at the other aide. Under the ujnm end of the tube 
was placed a bottle to receive the spirit distilled, The 
flam© of small wood-splinters Unng applied to the boiler, 
after a time vapor roue into the head, paused through the 
tube, was condensed by the cold of the water, ami fell in a 
liquid fillet into the bottle. On being tested, it proved 
to be that fiery and intoxicating spirit known in com¬ 
merce as ICiraoh or Kiraehwaaaer, 

The cherries, it should be remembered, were left to 
themselves, no ferment of any kind being added to them. 
In this respect what has been aaid of the cherry applies 
also to the grape. At the vintage the fruit of the vine is 

% Ik# pa wktoh t* tskftW £r«*i tea limp afi©* U»« ntypa of il»« ate hM 

doa® Ita duty In purttyteg U»<* Uood, tin* mm «]m whlt-h tt&vmmce* from 
water and daaapape. 
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placed in proper vessels, and abandoned to its own action. 
It ferments, producing carbonic acid; its sweetness disap¬ 
pears, and at the end of a certain time the unintoxicating 
grape-jnice is converted into intoxicating wine. Here, as 
in the case of the cherries, the fermentation is spontaneous 
—in what sense spontaneous will appear more clearly by 
and by. 

It is needless for me to tell a Glasgow audience that 
the beer-brewer does not set to work in this way. In the 
first place the brewer deals not with the juice of fruits, 
but with the juice of barley. The barley having been 
steeped for a sufficient time in water, it is drained and 
subjected to a temperature sufficient to cause the moist 
grain to germinate; after which it is completely dried upon 
a kiln. It then receives the name of malt. The malt is 
crisp to the teeth, and decidedly sweeter to the taste than 
the original barley. It is ground, mashed up in warm 
water, then boiled with hops until all the soluble portions 
have been extracted; the infusion thus produced being 
called the wort. This is drawn off, and cooled as rapidly 
as possible; then, instead of abandoning the infusion, as 
the wine-maker does, to its,own action, the brewer mixes 
yeast with his wort, and places it in vessels each with 
only one aperture open to the air. Soon after the addi¬ 
tion of the yeast, a brownish froth, which is really new 
yeast, issues from the aperture, and falls like a cataract 
into troughs prepared to receive it. This frothing and 
foaming of the wort is a proof that the fermentation is 
active. 

Whence comes the yeast whieh issues so copiously 
from the fermenting tub? What is this yeast, and how 
did the brewer become possessed of it? Examine its 
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quantity before and lifter fermentation. 'flic brewer in. 
troduees, say, it) ewls, ttf yvuni, hr colb'cts 40, or it 
may bo f*0, owls, The yeast has, therefore, augmented 
from four to five fold during the fermentation, Shall we 
conclude that thin additional yriutl hiss 1 >ith spontaneously 
generated by the wort? Art’ wo not rather reminded of 
that nerd wltndt foil into good ground, and brought forth 
fruit, Homo thirty fob!, some maly fold, Home a hundred* 
fold? On examination, this notion of organic growth 
turns out to tm morn than a more winuiw. In the year 
when the mteroseopc ww still in \U infauey, beeu* 
wenhock turned the instrument upon tine subetnnee, and 
found it composed of imnute globules suspended in & 
liquid, Thun knowledge rented until 1 when Cwgnmrd 
de in Tour in Frauen, and Schwann in Germany, indo* 
pondontly, but animated by a common thought, turned 
microscopes of improved definition nml heightened power* 
upon yeast, and found it budding and sprouting before 
their ©yea. Tim augmentation of the yeast alluded to 
above was thus proved to armu from the growth of a 
minute plant now called Turula (or .'An -t-hnnimyrm ) fVrr* 
viaim, Spontaneoua genoratum w therefore out of the 
question. The brewer deliberately now* the yeast plant, 
which grows and multiplies in the wort as its proper 
soil. This discovery marks an epoch m the history of 
fermentation. 

But where did the brewer find his yeast? Tiro reply 
to this question is similar to that which must be given if 
it were asked whore tho brewer found his hurley. He has 
reoeived the seeds of both of them from preceding gen* 
©rations. Gould we connect without solution of continu¬ 
ity the present with the past, wo should probably be able 
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to trace back the yeast employed by my friend Sir Bowell 
Buxton to-day to that employed by some Egyptian brewer 
two thousand years ago. But you may urge that there 
must have been a time when the first yeast-cell was gen¬ 
erated. Granted—exactly as there was a time when the 
first barley-corn was generated. Let not the delusion lay 
hold of you that a living thing is easily generated because 
it is small. Both the yeast-plant and the barley-plant 
lose themselves in the dim twilight of antiquity, and in 
this our day there is no more proof of the spontaneous 
generation of the one than there is of the spontaneous gen¬ 
eration of the other. 

I stated a moment ago that the fermentation of grape- 
juice was spontaneous; but I was careful to add, “in what 
sense spontaneous will appear more clearly by and by.” 
Now this is the sense meant. The wine-maker does not, 
like the brewer and distiller, deliberately introduce either 
yeast, or any equivalent of yeast, into his vats; he does 
not consciously sow in them any plant, or the germ of any 
plant; indeed, he has been hitherto in ignorance whether 
plants or germs of any kind have had anything to do with 
his operations. Still, when the fermented grape-juice is 
examined, the living Torula concerned in alcoholic fer¬ 
mentation never fails to make its appearance. How is 
this V If no living germ has been introduced into the 
wine-vat, whence comes the life so invariably deteloped 
there ? 

You may be disposed to reply, with Turpin and oth¬ 
ers, that, in virtue of its own inherent powers, the grape- 
juice, when brought into contact with the vivifying atmos¬ 
pheric oxygen, runs spontaneously and of its own accord 
into these low forms of life. I have not the slightest ob- 
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jeotion to this explanation, provided proper evidence can 
be adduced in support of it. But the evidence adduced, 
in its favor, aa far as t am acquainted with it, snaps asun¬ 
der under the strain of scientific criticism. It is, as far as 
I can boo, the evidence of men, who, however keen and 
clover as abnnvtra } are not rigidly trained f.rprrimmtara . 
Tlioso alone are aware of the precaution* nec.eHKary in in¬ 
vestigations of this delicate kind. In reference, then, to 
the life of the wine-vat, what is the decision of experiment 
when carried out by competent men? Let a quantity of 
the clear, filtered “must” of the gmjm he ho boiled as to 
destroy such germs as it may have contracted from the air 
or otherwise. In eon taut with gormless air the unoontami* 
natod must never ferments. Alt the materials for sponta¬ 
neous generation are there, but ho long m there is no seed 
sown thoro is no life developed, and no sign <»f that fer¬ 
mentation which is the concomitant of life. Nor need you 
resort to a boiled liquid. The grape is sealed by its own 
skin against eontamination from without. ‘ By an ingen¬ 
ious device, Pasteur has extracted from the interior of the 
grape its pure juioe, and proved tliat in contact with pure 
air it never acquires the power to funuent itself, nor to 
produce fermentation in other liquids.* It is not, there¬ 
fore, in the interior of the grape that tlm origin of the life 
observed in the vat is to be sought. 

What then is its true origin ? This is Pasteur’s an¬ 
swer, which his well-proved aeeuraey renders worthy of 
all confidence. At the time of tlm vintage microscopic 
particles are observed adherent, both to the outer surface 

1 The liquid* of the healthy animal body am alan «tjU«4 fnm» nxtorml «m- 
tamination, Pure blood, for example, drawn with dun praeautltma from tha 
votaa, will now torment or putrefy In oonuwt with jmr« air. 
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of the grape and of the twigs which support the grape. 
Brush these particles into a capsule of pure water. It is 
rendered turbid by the dust. Examined by a microscope, 
some of these minute particles are seen to present the ap¬ 
pearance of organized cells. Instead of receiving them in. 
water, let them be brushed into the pure inert juice of the 
grape. Forty-eight hours after this is done, our familiar 
Torula is observed budding and sprouting, the growth of 
the plant being accompanied by all the other signs of ac¬ 
tive fermentation. What is the inference to be drawn 
from this experiment? Obviously that the particles ad¬ 
herent to the external surface of the grape include the 
germs of that life which, after they have been sown in 
the juice, appears in such profusion. Wine is sometimes 
objected to on the ground that fermentation is “artificial”; 
but we notice here the responsibility of nature. The fer¬ 
ment of the grape clings like a parasite to the surfaoe of 
the grape; and the art of the wine-maker from time im¬ 
memorial has consisted in bringing—and it may be added, 
ignorantly bringing—two things thus closely associated by 
nature into actual contact with each other. For thousands 
of years, what has been done consciously by the brewer 
has been done unoonsoiously by the wine-grower. The 
one has sown his leaven just as much as the other. 

Nor is it necessary to impregnate the beer-wort with 
yeast to provoke fermentation. Abandoned to the con¬ 
tact of our common air, it sooner or later ferments; but 
the chances are that the produce of that fermentation, in¬ 
stead of being agreeable, would be disgusting to the taste. 
By a rare accident we might get the true alcoholio fer¬ 
mentation, but the odds against obtaining it would be 
enormous. Pure air acting upon a lifeless liquid will 
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never provoke fermentation; but our ordinary air is the 
vehicle of numberless germs which act as ferments when 
they fall into appropriate infusions. Some of them pro- 
due© acidity, some putrefaction. The germs of our yeast- 
plant are also in the air; hut so sparingly distributed that 
an infusion like beer-wort, exposed to the air, is almost 
sure to ho taken possession of by foreign organisms. In 
fact, the maladies of beer arc wholly due to the admixture 
of these objectionable ferments, whose forms and modes of 
nutrition differ materially from those of the true leaven. 

Working in an atmosphere charged with the germs of 
these organisms, you can understand how easy it is to fall 
into error in studying the action of any one of them. In¬ 
deed it is only the most accomplished experimenter, who, 
moreover, avails hiraaelf of every means of cheeking his 
conclusions, that can walk without tripping through this 
land of pitfalls. Such a man the French chemist Pasteur 
has hitherto proved himself to be. lie has taught us how 
to separate the commingled ferments of our air, and to 
study thoir pure individual action. Guided by him, lot 
us fix our attention more particularly upon the growth and 
action of the true yeast-plant under different conditions. 
Lot it be sown in a fermentable liquid, which is supplied 
with plenty of pure air. The plant will iiourish in the 
aerated infusion, and produce large quantities of carbonic 
acid gas—-a compound, as you know, of carbon and oxy¬ 
gen. The oxygon thus consumed by the plant is the free 
oxygen of the air, which wo suppose to bo abundantly 
supplied to the liquid. The action is so far similar to the 
respiration of animals, which inspire oxygen and expire 
carbonic aoid. If we examine the liquid oven when the 
vigor of the plant has reached its maximum, we hardly 



FERMENTATION 


275 


find in it a trace of alcohol. The yeast has grown and 
flourished, but it has almost ceased to act as a ferment. 
-A.nd could every individual yeast-cell seize, without any 
impediment, free oxygen from the surrounding liquid, it 
is certain that it would cease to act as a ferment altogether. 

"W~hat, then, are the conditions under which the yeast- 
plant must be placed so that it may display its character¬ 
istic quality? Eeflection on the facts already referred to 
suggests a reply, and rigid experiment confirms the sug¬ 
gestion. Consider the Alpine cherries in their closed 
vessel. Consider the beer in its barrel, with a single small 
aperture open to the air, through which it is observed not 
to imbibe oxygen, but to pour forth carbonic acid. 
"Whence come the volumes of oxygen necessary to the 
production of this latter gas? The small quantity of at : 
mospheric air dissolved in the wort and overlying it would 
"be totally incompetent to supply the necessary oxygen. In 
no other way can the yeast-plant obtain the gas necessary 
for its respiration than by wrenching it from surrounding 
substances in which the oxygen exists, not free, but in a 
state of combination. It decomposes the sugar of the 
solution in which it grows, produces heat, breathes forth 
carbonic acid gas, and one of the liquid products of the 
decomposition is our familiar alcohol. The act of fer¬ 
mentation, then, is a result of the effort of the little plant 
to maintain its respiration by means of combined oxygen, 
when its supply of free oxygen is cut off. As defined by 
Pasteur, fermentation is life without air. 

But here the knowledge of that thorough investigator 
comes to our aid to warn us against errors which have been 
committed over and over again. It is not all yeast-cells 
that can thus live without air and provoke fermentation. 
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borne acid given out. Hut the process did not end here, 
After the oxygen had vanished, earbonu* acid, in consul- 
arable quantities, continued n« be exhaled by the fruits, 
which at the name tune hint a portion of their sugar, be¬ 
coming more acid to the taste, though the absolute quart- 
tity of acid whh not augmented. Thin wn* an observation 
of capital importance, ami Her an l had the sagacity to re* 
mark that the process might be regarded ns u kind of 
fermentation. 

Thua the living cells of fruits can absorb oxygen and 
breathe out oarboma acid, exactly like the living cells of 
the leaven of boor. Bup|maii*g the tmeess of oxygon and* 
deuly out off, will the living fruit-cells m suddenly die, 
or will they continue to live tut yeast lives, by extracting 
oxygen from the saccharine juices round them? This ii 
a question of extreme theoretic significance, It watt first 
answered affirmatively by the able ami conclusive experi¬ 
ments of Leohartier and Bellamy, ami the answer was 
subsequently confirmed and explained by the experiments 
and the reasoning of Hauteur. Bdrnrd only showed the 
absorption of oxygen and the production of carbonic acid; 
Leohartier and Bellamy proved the production of alcolml, 
thus completing the evidence that it was n case of real 
fermentation, though the common alcoholic ferment win 
absent. So full was Pasteur of the idea that tin' cells of 
a fruit would oontinuo to live at the ex|ien»« of the sugar 
of the fruit, that once in his ialmratory, while conversing 
on those subjects with M. Dumas, he exclaimed, *’l will 
wager that if a grape Im plunged into an atmosphere of 
oarbomo acid, it will produce alcohol uud carbonic acid 
by the continued life of its own cells- that they will act 
for a time like the cells of the true alcoholic leaven, M He 
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made the experiment, and found the result to be what he 
had foreseen. He then extended the inquiry. Placing 
under a beil-jar twenty-four plums, he filled the jar with 
carbonic acid gas; beside it he placed twenty-four similar 
plums uncovered. At the end of eight days, he removed 
the plums from the jar, and compared them with the 
others. The difference was extraordinary. The uncov¬ 
ered fruits had become soft, watery, and very sweet; the 
others were firm and hard, their fleshy portions being not 
at all watery. They had, moreover, lost a considerable 
quantity of their sugar. They were afterward bruised, 
and the juice was distilled. It yielded six and a half 
grams of alcohol, or one per cent of the total weight of 
the plums. Neither in these plums, nor in the grapes first 
experimented on by Pasteur, could any trace of the or¬ 
dinary alcoholic leaven be found. As previously proved 
by Lechartier and Bellamy, the fermentation was the work 
of the living cells of the fruit itself, after air had been 
denied to them. When, moreover, the cells were de¬ 
stroyed by bruising, no fermentation ensued. The fer¬ 
mentation was the correlative of a vital act, and it ceased 
when life was extinguished. 

Lfidersdorf was the first to show by this method that 
yeast acted, not, as Liebig had assumed, in virtue of its 
organic, but in virtuo of its organized character. He de¬ 
stroyed the cells of yeast by rubbing them on a ground 
glass plate, and found that with the destruction of the 
organism, though its chomical constituents remained, the 
power to act as a ferment totally disappeared. 

One word more in reference to Liebig may find a plaoe 
here. To the philosophic chemist thoughtfully pondering 
these phenomena, familiar with the conception of molec- 
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ular motion, and the changes produced by the interao 
tions of purely chemical forces, nothing could be morv, 
natural than to see in the process of fermentation a simple 
illustration of molecular instability, the ferment propagat¬ 
ing to surrounding molecular groups the overthrow of its 
own tottering combinations. Broadly considered, indeed, 
there is a certain amount of truth in this theory; but 
Liebig, who propounded it, missed the vary kernel of the 
phenomena when he overlooked or contemned the part 
played in fermentation by microscopic life. He looked 
at the matter too little with the aye of the body, and too 
mueh with the spiritual eye. He practically neglected the 
microscope, and was unmoved by the knowledge which 
its revelations would have poured in upon his mind. His 
hypothesis, as I have said, was natural—nay it was a 
striking illustration of Liebig’s jmwer to penetrate and 
unveil molecular actions; but it was an error, and as such 
has proved an ignis /alum instead of a pharos to some of 
his followers. 

I have said that our air is full of the germs of fer¬ 
ments differing from the alcoholic leaven, and sometimes 
seriously interfering with the latter. They are the weeds 
of this microscopic garden which often overshadow and 
choke the dowers. Let us take an illustrative case. Ex¬ 
pose milk to the air. It will, after a time, turn sour, sepa¬ 
rating like blood into clot and serum. Place a drop of 
this sour milk under a powerful microscope and watch it 
closely. You see the minute butter-globules animated by 
that curious quivering motion called the Brownian motion. 
But let not this attract your attention too much, for it is 
another motion that we have now to seek, Here and 
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there you observe a greater disturbance than ordinary 
among the globules; keep your eye upon the place of 
tumult, and you will probably see emerging from it a 
long eel-like organism, tossing the globules aside and 
wriggling more or less rapidly across the field of the 
microscope. Familiar with one sample of this organism, 
which from its motions receives the name of vibrio, you 
soon detect numbers of them. It is these organisms, and 
other analogous, though apparently motionless, ones, which 
by decomposing tho milk render it sour and putrid. They 
are the lactic and putrid ferments, as the yeast-plant is 
the alcoholic ferment of sugar. Keep them and their 
germs out of your milk and it will continue sweet. But 
milk may become putrid without becoming sour. Exam¬ 
ine such putrid milk microscopically, and you find it 
swarming with shorter organisms, sometimes associated 
with the vibrios, sometimes alone, and often manifesting 
a wonderful alacrity of motion. Keep these organisms 
and their germs out of your milk and it will never pu¬ 
trefy. Expose a mutton-chop to the air and keep it moist; 
in summer weather it soon stinks. Place a drop of the 
juice of the fetid chop under a powerful microscope; it is 
seen swarming with organisms resembling those in the pu¬ 
trid milk. These organisms, which receive the common 
name of bacteria , 1 are the agents of all putrefaction. Keep 
them and their germs from your meat and it will remain 
forever awoot. Thus we begin to see that within the 
world of life to which we ourselves belong, there is an¬ 
other living world requiring the microscope for its dis- 


i Doubtless organisms exhibiting grwo specific differences are grouped to¬ 
gether under this common name. 


282 


FliAU&tKSTN OF 8(*!FX(*E 


comment, but which, nevertheless, hint the mont import&ni 
bearing cm the welfare of tlm higher life work!. 

And now lot u* reason together as regards the origin 
of thou© bacteria. A granular powder is placed in you 
hands, and you arc asked to state what it is. You eun< 
in© it, and have, or have not, reason to suspect that seeds 
of some kind are mixed up in it. To determine this point 
you prepare a bed in your garden, sow m it the powder, 
and soon after dud a mixed crop of dock© and thistles 
sprouting from your bed, Until this powder was sown 
neither dooka nor thistles ever made their appearance in 
your garden. You repeat the experiment once, twice, ten 
times, fifty times. From fifty different bed* after the sow* 
ing of the powder, you obtain the name crop. What will 
be your response to the question projmsed to you? “I 
am not in a condition,” you would say, *’to affirm that 
every grain of the powder is a dock-need, or a thistle* 
seed; but I am in a condition to affirm that both dock 
and thistle seeds form, at all events, part of the powder.*' 
Supposing a succession of such jKJwdera to lm placed in 
your hands with grains becoming gradually smaller, until 
they dwindle to the six© of impalpable dust particles; as* 
Burning that you treat them all in the same way, and 
that from every on© of thorn in a few days you obtain 
a definite crop—it may be clover, it may be mustard, 
it may be mignonette, it may be a plant more minute 
than any of these, the tonallnett* of the particles, or of 
the plants that spring from them, docs not affect the 
validity of the conclusion. Without a shadow of mis¬ 
giving you would conclude that the powder must have 
contained the seeds or genus of the life observed. There 
is not in the range of physical science an experi* 
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i more conclusive nor an inference safer than this 

upposing the powder to be light enough to float in 
air, and that you are enabled to see it there just as 
dy as you saw the heavier powder in the palm of 
hand. If the dust sown by the air instead of by the 
[ produce a definite living crop, with the same logical 
• you would conclude that the germs of this crop 
; be mixed with the dust. To take an illustration: 
spores of the little plant Penicillium glaucum , to 
h I have already referred, are light enough to float 
le air. A cut apple, a pear, a tomato, a slice of vege- 
i marrow, or, as already mentioned, an old moist boot, 
jh of paste, or a pot of jam, constitutes a proper soil 
;he Penicillium, How, if it could be proved that the 
of the air when sown in this soil produces this plant, 
e, wanting the dust, neither the air, nor the soil, nor 
together can produce it, it would be obviously just 
wtain in this case that the floating dust contains the 
ls of Penicillium as that the powders sown in your 
en contained the germs of the plants which sprung 
. them. 

lut how is the floating dust to be rendered visible? 
his way. Build a little chamber and provide it with 
>or, windows, and window-shutters. Let an aperture 
iade in one of the shutters through which a sunbeam 
pass. Close tlio door and windows so that no light 
L outer save through the hole in the shutter. The 
c of the sunbeam is at first perfectly plain and vivid 
he air of the room. If all disturbance of the air of 
chamber be avoided, the luminous track will become 
;er and fainter, until at last it disappears absolutely, 


and no trace of the beam in to be mnm. What rendeted 
the beam visible at brut? The flouting bunt of the ah, 
which, Uiuh illuminated anti observed, m m palpable to 
nonae m du*t or powder placed on tlm palm of the hand, 
In the still air the dual gradually sink* to the floor or 
sticks to the walla and coiling, until finally, by thin self- 
tdeansing primes*, tlu* air in entirely freed from mechan¬ 
ic ally suspended matter. 

Thus far, 1 think, wo have made our footing sure. Let 
us proceed. Chop up a beefsteuk and allow it to remain 

lor two or three hour* just covered with warm water; you 
thus extract the* juice of tlm beef in a concent rated form, 
By properly boiling tlm lupud and filtering it, you can 
obtain from it a perfectly transparent beef tea. Kxpemo a 
aumbor of vaasek containing tin* tea to the motelesa air 
of your chamber; and expose a number of vessels con¬ 
taining precisely tlm wurni lupud to tlm dnut laden air. 
In three days every mu* of the latter slinks, and, exam¬ 
ined with tlm tnicro»co|K\ every one of them in found 
swarming with the bacteria of putrefaction. After three 
months, or three years, the beef tea wttiun tlm chamber 
is found in every caso as sweet and dear, and as free 
from bacteria, as it was at the moment when it was ilrsfc 
put in. There is absolutely no difference between the air 
within, and that without save that the nim is dust less and 
the other dust-laden, Clinch the experiment thus: Open 
the door of your chamber and allow the dust to enter it 
In three days afterward you have every vessel within th« 
chamber swarming with bacteria, and in n state of active 
putrefaction. Here, alao, the inference in quite ns eertair 
aa in the ease of the powder sown in your garden. Mul 
tiply your proofs by building fifty chambers instead o 
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one, and by employing every imaginable infusion of wild 
animals and tame; of flesh., fish, fowl, and viscera; of 
vegetables of the most various Muds. If in all these 
cases you find the dust infallibly producing its crop of 
bacteria, while neither the dustless air nor the nutritive 
infusion, nor both together, are ever able to produce this 
crop, your conclusion is simply irresistible that the dust 
of the air contains the germs of the crop which has ap¬ 
peared in your infusions. I repeat there is no inference 
of experimental science more certain than this one. In 
the presence of such facte, to use the words of a paper 
lately published in the “Philosophical Transactions,” it 
would be simply monstrous to affirm that these swarming 
crops of bacteria are spontaneously generated. 

Is there then no experimental proof of spontaneous 
generation? I answer without hesitation, none I But to 
doubt the experimental proof of a fact, and to deny its 
possibility, are two different things, though some writers 
confuse matters by making them synonymous. In fact, 
this doctrine of spontaneous generation, in one form or 
another, falls in with the theoretic beliefs of some of the 
foremost workers of this age; but it is exactly these men 
who have the penetration to see, and the honesty to ex¬ 
pose, the weakness of the evidence adduced in its support. 

And here observe how these discoveries tally with the 
common practices of life. Heat kills the bacteria, cold 
numbs them. When my housekeeper has pheasants in 
"charge which she wishes to keep sweet, but which threaten 
to give way, she partially cooks the birds, kills the mf 
bacteria, and thus postpones the evil day. By boil 
HTnillr she also extends its period of sweetness. Some weeks 
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ago in the Alps I made a few experiment* on the infi* 
enco of cold upon ante, Though the sun wm strong, 
patches of snow still maintained thrmmdvcs on the moun¬ 
tain slopes. The ants were found in the warm grass and 
on the warm rooks adjacent. Transferred to the snow the 
rapidity of their paralysis wits surprising. In a few sec¬ 
onds a vigorous ant, after a few languid struggles, would 
wholly lose its power of locomotion anti lie practically 
dead upon the snow. Transferred to the warm rock, it 
would revive, to ho again smitten with death like numb¬ 
ness when retransferred to Urn snow. What is true of the 
ant is specially true of our bacteria, Tltmr active life m 
suspended hy cold, and with it their power of producing 
or continuing putrefaction. This is tint whole philoso¬ 
phy of the preservation, of sntmt hy cold. The fishmon¬ 
ger, for example, when ho surrounds his very assailable 
wares hy lumps of iro, stays the prom*** of putrefaction 
by reducing to numbness and inaction the organism* which 
produco it, and in the absence of which his fish would re¬ 
main sweet and sound. It is tin* astonishing; activity into 
which these bacteria are pushed by warmth that renders a 
single summer’s day sometime* *hj tlisasiroiig to the great 
butchers of London and Glasgow, The bmUes of guides 
lost in the orovauaea of Alptno glacier** havo come to the 
surface forty yearn after their interment, without the lirnh 
showing any sign of putrefaotiom But the most union wil¬ 
ing case of this kind is that of the hairy elephant of Si¬ 
beria which was found moaned in hut It had Won burted 
for ages, but when laid bare its fftiult wm awoot, and for 
Borne time afforded copious nutriment to the wild beasts 
which fed upon it. 

Beer is assailable by all the oi^aaiama her* referred to, 
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some of which, produce acetic, some lactic, and some bu¬ 
tyric acid, while yeast is open to attack from the bacteria 
of putrefaction. In relation to a the particular beverage 
the brewer wishes to produce, these foreign ferments have 
been properly called ferments of disease. The cells of the 
true leaven are globules, usually somewhat elongated. 
The other organisms are more or less rod-like or eel-like 
in shape, some of them being beaded so as to resemble 
necklaces. Bach of these organisms produces a fermenta¬ 
tion and a flavor peculiar to itself. Keep them out of 
your beer and it remains forever unaltered. Never with¬ 
out them will your beer contract disease. But their germs 
are in the air, in the vessels employed -in the brewery; 
even in the yeast used to impregnate the wort. Con¬ 
sciously or unconsciously, the art of the brewer is directed 
against them. His aim is to paralyze, if he cannot anni¬ 
hilate them. 

Bor beer, moreover, the question of temperature is one 
of supreme importance; indeed, the recognized influence 
of temperature is causing on the continent of Europe a 
complete revolution in the manufacture of beer. When 
I was a student in Berlin, in 1851, there were certain 
places specially devoted to the sale of Bavarian beer, 
which was then making its way into public favor. This 
beer is prepared by what is called the process of low fer¬ 
mentation; the name being given partly because the yeast 
of the beer, instead of rising to the top and issuing through 
the bunghole, falls to the bottom of the cask; but partly, 
also, because it is produced at a low temperature. The 
other and older process, called high fermentation , is far 
more handy, expeditious, and cheap. In high fermenta¬ 
tion eight days suffice for the production of the beer; m 
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low fermentation, ton, fifteen, even twenty days are found 
necessary, Vast quan title* of ice, moreover, are consumed 
in the prooeui of low fermentation. In the single brewery 
of X) re her, of Vienna, a hundred million pounds of ice are 
consumed annually in cooling the wort and beer. Not¬ 
withstanding these obvious and weighty drawbacks, the 
low fermentation is rapidly displacing the high upon 
the Continent. Here are some statistics which shew the 
number of breweries of both kinds existing in Bohemia 
in 1860, 1865, and 1870: 

mm w» mo 

High Fermentation , . , , . SSI Si IH 

tow Kcrimmtatitm ..... 13S 48P S31 

Thus in ten years the number of high-fermentation 
breweries fell from 3t8l to 18, while the number of low* 
fermentation breweries roee from 165 to 8H1. The sole 

reason for this vast tdutngtv-.u change which involves a 

groat expenditure of time, labor and money--4s the addi¬ 
tional command which it gives the brewer over the for¬ 
tuitous ferments of disease. Then* ferments, which, it 
is to be remembered, are living organisms, have their no* 
tivity suspended by temperatures below 1(V* 0., amt ns 
long as they arc reduced to torpor the beer remains un¬ 
tainted cither by acidity or putrefaction. The boor of low 
fermentation ii brewed in winter, and kept in cool cellars; 
the brewer being thus enabled to diejKom of it at his 
leisure, instead of forcing Its consumption to avoid the 
loss involved in its alteration if kept too long. Hops, 
it may be remarked, act to some extent tut an antiseptic 
to beer. The essential oil of the hop in bactericidal: hence 
the strong impregnation with hop jttioe of all beer intended 
for exportation. 
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These low organisms, which, one might be disposed to 
regard as the beginnings of life, were we not warned that 
the microscope, precious and perfect as it is, has no power 
to show us the real beginnings of life, are by no means 
purely useless or purely mischievous in the economy of 
nature. They are only noxious when out of their proper 
place. They exercise a useful and valuable function as 
the burners and consumers of dead matter, animal and 
vegetable, reducing such matter, with a rapidity otherwise 
unattainable, to innocent carbonic acid and water. Fur¬ 
thermore, they are not all alike, and it is only restricted 
classes of them that are really dangerous to man. One 
difference in their habits is worthy of special reference 
here. Air, or rather the oxygen of the air, which is 
absolutely necessary to the support of the bacteria of 
putrefaction, is, according to Pasteur, absolutely deadly 
to the vibrios which provoke the butyric acid fermenta¬ 
tion. This has been illustrated by the following beautiful 
observation. 

A drop of the liquid containing those small organisms 
is placed upon glass, and on the drop is placed a circle 
of exceedingly thin glass; for, to magnify them suffi¬ 
ciently, it is necessary that the object-glass of the micro¬ 
scope should come very close to the organisms. Round 
the edge of the circular plate of glass the liquid is in con¬ 
tact with the air, and incessantly absorbs it, including the 
oxygen. Here, if the drop be charged with bacteria, we 
have a zone of very lively ones. But through this living 
zone, greedy of oxygen and appropriating it, the vivifying 
gas cannot penetrate to the centre of the film. In the 
middle, therefore, the bacteria die, while their peripheral 
colleagues continue active. If a bubble of air chance to 
Science— VI —13 
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bo enclosed in the film, round it the bacteria will pirou¬ 
ette and wabble until it* oxygen has been absorbed, after 
which all their motions comm, Precisely the reverse of all 
thin occurs with the vibrios of butyric mud. In their case 
it in the peripheral organism* that are lii.u killed, the cen¬ 
tral ones remaining \igonm* while ringed by u jume of 
dead. Pasteur, moreover, filled two \ch*«-Ih with a liquid 
containing these vibrio*; through one vessrl he led air, 
and killed ita vibrio* in half an hour; through the other 
ho led carbonic acid, and after three bourn found tins vib¬ 
rios fully active. It wan while observing these differences 
of deportment iff teen year* ago that the thought of life 
without air, ami it* hearing upon the theory of fermenta¬ 
tion, flashed upon the mind of this admirable investigator. 

Wo now approach an aspect of litis question which con¬ 
cerns uh still more closely, uud will be best illustrated 
by an actual fact. A few years ago I was battling in an 
Alpine stream, and returning to my clothe* from the cas¬ 
cade which had been my shower bath, l slipped upon a 
block of granite, the sharp crystals of which stumped them* 
selves into my naked shin. The wound was an awkward 
one, hut being in vigorous health at the time, l hoped 
for a speedy recovery. Dipping a clean pocket handker¬ 
chief into the stream, l wrapped it round the wound, 
limped home, and remained for four or the days quietly 
in bod, There was no pain, and at the end of this time 
X thought myself quite fit to quit my room. The wound, 
when, uncovered, was found perfectly clean, umnllamod, 
wad, entirely free from matter. Placing over it a hit of 
goldbeater 1 s»skin, I walked about all day. Toward even* 
ing itching and heat were felt; a largo accumulation of 
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matter followed, and I was forced to go to bed again. 
The water bandage was restored, but it was powerless to 
check the action now set up; arnica was applied, but it 
made matters worse. The inflammation increased alarm¬ 
ingly, until finally I had to be carried on men’s shoulders 
down the mountain and transported to Geneva, where, 
thanks to the kindness of friends, I was immediately 
placed in the best- medical hands. On the morning after 
my arrival in Geneva, Dr. Gantier discovered an abscess 
in my instep, at a distance of five inches from the wound. 
The two were connected by a channel, or sinus , as it is 
technically called, through which he was able to empty 
the abscess, without the application of the lance. 

By what agency was that channel formed—what was 
it that thus tore asunder the sound tissue of my instep, 
and kept me for six weeks a prisoner in bed? In the 
very room where the water dressing had been removed 
from my wound and the goldbeater’s-skin applied to it, 
I opened this year a number of tubes, containing perfectly 
clear and sweet infusions of fish, flesh, and vegetable. 
These hermetically sealed infusions had been exposed for 
weeks, both to the sun of the Alps and to the warmth 
of a kitchen, without showing the slightest turbidity or 
sign of life. But two days after they were opened the 
greater number of them swarmed with the baeteria of 
putrefaction, the germs of which had been contracted from 
the dust-laden air of the room. And had the matter from 
my abscess been examined, my memory of its appearance 
leads me to infer that it would have been found equally 
swarming with these bacteria—that it was their germs 
which got into my incautiously opened wound, and that 
they were the subtile workers that burrowed down My 



shin, dug the tibwuttw in my iiwtop. nmi produced elects 
■whifh might easily have proved fatal. 

This apparent digression brings us fare in fare with the 
labors of a man who t’unihmn tin* peuotratum of the true 
theorist with the skill and et.umieutemmiess of the true ex¬ 
perimenter, ami vdmse pnietne m one enntimted demon- 
Htmtiuii of tin* theory that the putrefaction of wounds ia 
to Im averted by the destruetnm of the germs of bacteria, 
Not only from Ida own reform of h»s eases, but from the 
reports of eminent men who have v»sntod Ins hospital, and 
from the opinions expressed to me by eoutmentui surgeons, 
do I gather that one of the greatest steps even* made in the 
art of surgery whs the intmlnetum of the antiseptic ays* 
torn of treatment, introduced by Professor luster. 

The interoat of thin suhjeet does not slacken aa we 
proceed. Wo began with the cherry eask and beer-vat; 
w© end with the body of man. There are persons bora 
with, the power of interpreting natural fuels, an there are 
others smitten with everlasting ineompeteuee in regard to 
»ueh interpretation. To the former eluss m an eminent 
degree belonged the iiluetrious philosopher Hubert Boyle, 
' whose words in relation to this subject have in them the 
forecast of prophecy. “And hit me add,” writes Boyh 
in his “Essay on tit© PatholugUml Part of Physik," “tiia 
he that thoroughly understands Urn nature of ferment 
and fermentations shall probably be much better able thai 
he that ignores them, to give a fair nmmut of diver 
phenomena of several diseasw (as well favors as others} 
wbieh will perhaps be never properly understood withou 
an insight into the doctrine of fermentations. '* 

Two hundred years have pawned since these prognat 
words were written, and it is only in this our day tin 
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aen are beginning to fully realize their truth. In the 
lomain of surgery the justice of Boyle’s surmise has been 
nost strictly demonstrated. But we now pass the bounds 
I surgery proper, and enter the domain of epidemic dis- 
ase, including those fevers so sagaciously referred to by 
loyle. The most striking analogy between a contagium 
nd a ferment is to bo found in the power of indefinite 
ell-multiplication possessed and exercised by both. You 
mow the exquisitely truthful figures regarding leaven om- 
iloyed in the New Testament. A particle hid in three 
neasures of meal leavens it all. A little leaven leavoneth 
he whole lump. In a similar manner, a particle of con- 
:tghcm spreads through the human body and may bo so 
aultiplied as to strike down whole populations. Consider 
he effect produced upon the system by a microscopic 
uantity of the virus of smallpox. That virus is, to all 
atents and purposes, a seed. It is sown as yeast is sown, 
b grows and multiplies as yeast grows and multiplies, and 
b always reproduces itself. To Pasteur wo are indebted 
or a scries of masterly researches, wherein ho exposes the 
ooseness and general baselessness of prevalent notions re- 
;arding the transmutation of one formont into another, 
le guards himself against saying it is impossible. The 
rue investigator is sparing in the use of this word, though 
ho use of it is unsparingly ascribed to him; but, as a 
natter of fact, Pasteur has never been able to effect the 
lleged transmutation, while ho has been always able to 
toint out the open doorways through which the affirmers 
f such transmutations had allowed orror to march in 
ipon thorn. 1 

1 Those who wish lor tin illustration of tho care necessary in these re- 
oarches, and of the carelessness with which they have in some cases been 
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The grout source of error here has been already al- 
lutlmi to in this discourse. The observers worked in an 
atmosphere charged with the germs of different organisms; 
the mere accident of first possession rendering now one 
organism, now another, triumphant. In different stages, 
moreover, of its fermentative or putrefactive changes, the 
sumo infusion may ho niter as t<> he successively taken 
posHOHsion of hy different organisms. Such eases have 
been adduced to show that the earlier organisms must 
have boon transformed into the later ones, whereas they 
arc simply casus in which different germs, because of 
changes in the infusion, rentier themselves valid at differ¬ 
ent times. 

By teaching us how to cultivate each ferment in its 
purity—in other words, by teaching us how to rear the 
individual organism apart from all others Pasteur has en¬ 
abled us to avoid all these errors, Ami where this isola¬ 
tion of a particular organism lias been duly effected it 
grows and multiplies indefinitely, but no change of it 
into another organism is ever observed. In Pasteur’s re¬ 
searches the Bacterium remained a Bacterium, the Vibrio 
a Yibrio, the Ptmioillium a Penietllium, and the Torn la a 
Torula. Bow any of those in a state of purity in an ap¬ 
propriate liquid; you get it, and it alone, in the subse¬ 
quent crop. In like manner, bow smallpox in the human 
body, your crop is smallpox. Bow there scarlatina, and 
your crop is scarlatina. Bow typhoid virus, your crop is 
typhoid—cholera, your crop is cholera. The disease bears 
as constant a relation to its oontagium as the microscopic 
organisms just enumerated do to their germs, or indeed as 

conducted, wiU do well to ootumlfc the Rev, W. II, rJalIInger’« excellem “Nm<w 
caHeterogenesle" in the October number ot the "Popular Science Review." 
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a thistle does to its seed. No wonder then, with analogies 
so obvious and so striking, that the conviction is spread¬ 
ing and growing daily in strength, that reproductive para¬ 
sitic life is at the root of epidemic disease—that living 
ferments finding lodgment in the body increase thero and 
multiply, directly ruining tho tissue on which they sub¬ 
sist, or destroying life indirectly by the generation of 
poisonous compounds within the body. This conclusion, 
which comes to us with a presumption almost amounting 
to demonstration, is clinched by the fact that virulently 
infoctivo diseases have been discovered witli which living 
organisms arc as closely and as indissolubly associated as 
the growth of Torula is with the fermentation of beor. 

And here, if you will permit me, I would utter a word 
of warning to well-meaning people. Wo have now reached 
a phase of this quostion when it is of the very last impor¬ 
tance that light should once for all be thrown upon the 
manner in which contagious and infectious diseases take 
root and spread. To this end the action of various fer¬ 
ments upon the organs and tissues of the living body must 
be studied; the habitat of each special organism concerned 
in the production of each specific disease must bo deter¬ 
mined, and the mod© by which its germs are spread 
abroad as sources of further infection. It is only by such 
rigidly accurato inquiries that we can obtain final and 
complete mastery over these destroyers. Hence, while 
abhorring cruelty of all kinds, while shrinking sympa¬ 
thetically from all animal suffering—suffering which my 
own pursuits never call upon mo to inflict—an unbiased 
survey of tho field of research now opening out before 
the physiologist causes me to conclude that no greater 
calamity could befall the human race than tho stoppage 
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of exjimmentni intjuirv in tl*i^ direction. A lady wliose 
philanthropy hm rendered her illustrious n\u\ to me some 
time ago that mdemui wan becoming immoral; that the re- 
wmrehua of tho pant, unlike th*»*«- tif the present, were car- 
rind on without cruelty, 1 replied to lmr that the science 
of Koplor mid Now ton, to whieh idu* referred, dealt with 
tho laws and phenomena of inorganic nature; hut that one 
groat advance made hy modern science whs in the direc¬ 
tion of biology, or tho science of lifts and that in this 
new direction scientific impiirv, thomdi at the outset pur¬ 
sued at tho coat of «mm' temporary nuibring, would in the 
mid provo a thousand time* more bmeUemt than it hatl 
ever hitherto been, f win! llu» beeauwr 1 saw that th( 
very .researches whieh the lad) deprecated were leading 
u« to such a knowledge of epidemic d weapon uh will tm 
aide uh finally to sweep these scourges of the hitman ritoi 
from the faeu of the earth. 

Thin in a point of mich capital importance that I nhouli 
like to bring it home to your intelligence by a mugle tru«t 
worthy illustration. hi Uii*U, two dmiingui.-dsed Krone' 
observers, MM. X)avaitme and Buyer, noticed m the hloo 
of animals which had died of the virulent disease uallc 
splenic fever smalt microscopic organisms resembling tram 
parent rods, but neither of them at that time attached an 
significance to the olmorvation. In hsftl, Pasteur pul 
liahod a memoir on the fermentation of butyric aeit 
wherein ho desoribod tho organism whieh provoked i 
and after reading this memoir it occurred to Davnim 
that splenic fever might bo a ease of fermentation set v 
within the animal body by the organisms whieh had bet 
observed by him and Bayer. This idea has boon pUuv 
beyond all doubt by subsequent research. 
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Observations of the highest importance have also been 
made on splenio fever by Pollcnder and Brauell. Two 
years ago, Dr. Bnrdon Sanderson gave ns a very clear 
account of what was known up to that time of this dis¬ 
order. With regard to the permanence of the contagium, 
it had been proved to hang for years about localities 
where it had once prevailed; and this seemed to show 
that tho rod-like organisms could not constitute the cum- 
tagium, because their infective power was found to vanish 
in a few weeks. But other facts established an intimate 
connection between the organisms and tho disease, so that 
a review of all the facts' caused Dr. Sanderson to conclude 
that the contagium existed in two distinct forms: the one 
“fugitive” and visible as transparent rods; the other per¬ 
manent but “latont,” and not yet brought within the 
grasp of the microscope. 

At the time that Dr. Sanderson was writing this re¬ 
port, a young Gorman physician named Koch/ occupied 
with the duties of his profession in an obscure country 
district, was already at work, applying, during his sparu 
timo, various original and ingenious devices to the in¬ 
vestigation of splenic fever. Ilo studied the habits of 
the rod-like organisms, and found the aqueous humor of 
an ox’s eye to be particularly suitable for their nutrition. 
With a drop of the aqueous humor he mixed tho tiniest 
speck of a liquid containing the rods, placed the drop un¬ 
der his microscope, warmed it suitably, and observed the 
subsequent action. During the first two hours hardly any 
change was noticeable; but at the end of this timo tho 
rods began to lengthen, and the action was so rapid that 

1 Thin, I believe, was the first reference to the rmmrehm of Koch iws4» In 
this country. 1810. 
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at the end of three or four hour* they attained from ten 
to twenty timeH their original length. At tho end of a 
few additional hours they lutd formed filaments in many 
canoe a hundred times the length of tiio original rods. 
The name ii lament, in fuet, wan frequently ulmervod to 
stretch through several fnddH of the mirr<'.scope, Borne- 
times they lay in straight lines parallel to each other, in 
other oases they were bent, twisted, uud coiled into the 
most graceful figures; while sometimes they formed knots 
of suuh bewildering complexity that it was impossible for 
the eye to trace the individual fdaments through tho con¬ 
fusion. 

Had the observation ended here im interesting scien¬ 
tific faot would have been added to cur previous store, 
but the addition would have Isum id little practical value. 
Koch, however, eontiuued to watch the filaments, and after 
a time noticed little dots appearing within them. These 
dots became more and more distinct, until finally the whole 
length of tho organism was studded with minute ovoid 
bodies, which lay within tho outer integument like peas 
within their shell. By and by the integument fell to 
pieces, the place of tho organisms being taken by a long 
row of seeds or spores. These observations, which were 
confirmed in all respects by the celebrated naturalist, Cohn 
of Breslau, arc of the highest importance. They clear up 
tho existing perplexity regarding the latent and visible 
contagia of splenic fever; for in the most comdusive man¬ 
ner Koch proved the spores, as distinguished from tho 
rods, to constitute the oontagtam of the fever in its most 
deadly and persistent form. 

How did he reach this important result? Mark the 
answer. There was but one way open to him to test the 
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activity of the contagium, and that was the inoculation 
with it of living animals. He operated upon guinea-pigs 
and rabbits, but the vast majority of his experiments were 
made upon mice. Inoculating them with the fresh blood 
of an animal suffering from splenio fever, they invariably 
died of the same disease within twenty or thirty hours 
after inoculation. Ho then sought to determine how the 
contagium maintained its vitality. Drying the infectious 
blood containing the rod-like organisms, in which, how¬ 
ever, the spores were not dovolopod, he found the con¬ 
tagium to be that which Dr. Sanderson calls “fugitive.” 
It maintained its power of infection for five weeks at the 
furthest. He then dried blood containing the fully-dovel- 
oped spores, and exposed the substance to a variety of 
conditions. Ho permitted the dried blood to assume the 
form of dust; wotted this dust, allowed it to dry again, 
permitted it to remain for an indefinite time in the midst 
of putrefying matter, and subjected it to various other 
tests. After keeping the spore-charged blood which had 
been treatod in this fashion for four years, he inoculated a 
number of mice with it, and found its action as fatal as that 
of blood fresh from the veins of an animal suffering from 
splonic fever. There was no single escape from death after 
inoculation by this deadly contagium. Uncounted millions 
of these spores are developed in the body of every animal 
which has died of splonic fever, and every spore of these 
millions is competent to produce the disease. The name 
of this formidable parasite is Bacillus anthracis. 1 


1 Koch found tlmfc to produce ita characteristic effects tho contagium of 
splenic fever must enter tho blood; tho virulently infective spleen of a diseased 
animal may bo eaten with impunity by mice. On tho other hand, the disease 
refuses to bo communicated by inoculation to dogs, partridges, or sparrows. In 
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Now the very first atop toward the extirpation of these 
contagia is the knowledge of their nature; and the knowl- 
edge brought to ua by Dr. Koch will render m certain the 
stamping out of splenic fever as the stoppage of the plague 
of pihrine by the researches of Pasteur. ‘ One small item 
of statistics will show what this implies. In the single 
district of Novgorod in Russia, between the years 1667 
and 1670, over fifty-six thousand eases of death by splenic 
fever, among horses, cows, and sheep were recorded. Nor 
did its ravages coniine themselves to the animal world, for 
during the time and in the district referred to, five hun¬ 
dred anil twenty-eight human beings perished in the ago¬ 
nies of the same disease. 

A description of the fever will help you to emne to a 
right decision on the point which l wish to submit to 
your consideration. ,k An animal, ’* suvs Dr. Burdon Ban* 
demon, “which perhaps for the previous day 1ms declined 
food and shown signs of general disturbance, begins to 
shudder and to have twitches of the muscles of the hack, 
and soon after becomes weak ami listless. In the mean¬ 
time the respiration becomes frequent and often difficult, 
and the temperature rises throe or four degrees almve the 
normal; but soon convulsions, affecting chiefly the muscles 
of the back and loins, usher in the final col lapse of which 

tholr blood liacillut anihrat.it comma In mu m a forwent. J'wtlour atmounoed 
rnoro than nix yearn ago the propagation of the vibrio* of U>« silkworm dlmmso 
called fioahwie, both by (lesion and by spores. Ho nko modo some remarkable 
experiments on the permanonoe of the ooultgiutu iu the form of spore*. Hoe 
“Etudes sur la Maladie dee Vers i Bole," pp. tern attd a (Hi. 

1 SurmMng that the Immunity enjoyed by bird# might arise from Utn boat 
of their blood, which destroyed the baciUut, Pasteur lowered their temperature 
artificially, inoculated them, and killed them. He oka raleod the t©mperature 
of guinea-pigs after inoculation, and mmt them, it k needless to dwell for a 
moment on the importance of this experiment. 
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the progress is marked by the loss of all power of moving 
the trunk or extremities, diminution of temperature, mu¬ 
cous and sanguinolent alvine evacuations, and similar dis¬ 
charges from the mouth and nose.” In a single district 
of Russia, as above remarked, fifty-six thousand horses, 
cows, and sheep, and five hundred and twenty-eight men 
and women, perished in this way during a period of two 
or three years. What the annual fatality is throughout 
Europe I have no means of knowing. Doubtless it must 
bo very great. The question, thon, which I wish to sub¬ 
mit to your judgment is this: Is the knowledge which re¬ 
veals to us tho nature, and which assuros tho extirpation, 
of a disorder so virulent and so vilo, worth the price paid 
for it ? It is exceedingly important that assemblies like 
tho presold should see clearly the issues at stake in such 
questions as this, and that tho properly informed sense of 
the community should temper, if not restrain, the rashness 
of thoso who, meaning to he tender, become agents of 
cruelty by tho imposition of short-sighted restrictions upon 
physiological investigations. It is a modern instance of 
jscul for (rod, but not according to knowledge, the ex¬ 
cesses of which must be corrected by an instructed public 
opinion. 

And now lot us cast a backward glance on the field we 
have travorsod, and try to extract from our labors such 
further profit as thoy can yield. Eor more than two thou¬ 
sand years the attraction of light bodies by amber was the 
sum of human knowledge regarding electricity, and for 
more than two thousand years fermentation was effected 
without any knowledge of its cause. In science one dis¬ 
covery grows out of another, and oannot appear without 
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its proper antecedent. Thun, before fermentation coul 
be understood, the microscope had to be invented, an 
brought to a considerable degree of perfection, Note th 
growth of knowledge. Leeuwenhoek, in 1080, found yeas 
to bo a mass of floating globules, but be had no notioi 
that the globules were alive. This was proved in 1885 In 
Cagniard do la Tour and Schwann. Then came the ques 
tion as to tho origin of such mieroseopio organisms, anc 
in this oonnootion tlio memoir of Pasteur, published in 
tho “Annales do Ohimio" for 1802, is the inauguration oi 
a new epoch. 

On that investigation all Pasteur's subsequent labors 
woro based, llavages bud over ami over again occurred 
among French wines. There was no guarantee that they 
would not become acid or bitter, particularly when ex* 
ported. Tho commerce in wines was thus restricted, and 
disastrous losses were often inflicted on the wine-grower. 
Every one of those diseases was traced to the life of an 
organism. Pasteur ascertained the temperature which 
killed those ferments of disease, proving it to be so low 
as to be perfectly harmless to tho wine. By the simple 
expedient of heating the wine to a temperature of fifty 
dogrees Centigrade, he rendered it unalterable, and thus 
saved his country the loss of millions. He then went on 
to vinegar—vin aigm } acid wine—which he proved to be 
produced by a fermentation set up by a little fungus called 
Myooderma acetL Torula, in fact, converts tho grape juice 
Into alcohol, and Mycoderma amli convert* the alcohol 
into vinegar. Here also frequent failures occurred, and 
severe losses were sustained. Through the operation of 
unknown oauses, the vinegar often became unfit for use 
sometimes indeed falling into utter putridity. It had been 
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long known that mere exposure to the air was sufficient 
to destroy it. Pasteur studied all these changes, traced 
them to their living causes, and showed that the perma¬ 
nent health of the vinegar was insured by the destruction 
of this life. He passed from the diseases of vinegar to the 
study of a malady which a dozen years ago had all but 
ruined the silk husbandry of France. This plague, which 
receivod the namo of pebrine , was the product of a parasite 
which first took possession of the intestinal canal of the 
silkworm, sproad throughout its body, and filled tho sack 
which ought to contain the viscid matter of the silk. Thus 
smitton, the worm would go automatically through tho 
procoss of spinning when it had nothing to spin. Pasteur 
followed this parasitic destroyer from year to year, and 
led by his singular power of combining facts with the logio 
of facts, discovered eventually the precise phase in the de¬ 
velopment of the insect when the disease which assailed 
it could with certainty be stamped out. Pasteur’s devo¬ 
tion to this inquiry cost him dear. He restored to France 
her silk husbandry, rescued thousands of her population 
from ruin, sot tho looms of Italy tdso to work, but emerged 
from his labors with one of his sides permanently para¬ 
lyzed. His last investigation is embodied in a work en¬ 
titled “Studies on Beer,” in which he describes a method 
of rendering beer permanently unchangeable. That method 
is not so simple as those found effectual with wine and 
vinegar, but the principles which it involves are sure to 
receive extensive application at some future day. 

There are other reflections connected with this subject 
which, even were they now passed over without remark, 
would sooner or later occur to every thoughtful mind, in 
this assembly. I have spoken of the floating dust of the 
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air, of tho means of rendering it visible, ami of the perfect 
immunity from putrefaction which ueeompnuieH the contact 
of gormless infusions ami motelca* air. Consider tho woes 
•which those wafted particles, during historic and prehis¬ 
toric ages, have inflicted on mankind; consider the loss 
of life in hospitals from putrefying wounds; consider the 
loss in places where there ate plenty of wounds, but no 
hospitals, and in the ages before hospitals were anywhere 
founded; consider the slaughter which has hitherto fol¬ 
lowed that of the battlefield, when those bacterial destroy, 
era are let loose, often producing a mortality far greater 
than that of the battle itself; add to this the other concep¬ 
tion that in times of epidemic disease the self-same float¬ 
ing matter has frequently, if not always, mingled with it 
tho special germs which produce the epidemic, being thus 
enabled to sow pestilence and death over nations and con¬ 
tinents-—consider all this, and yon will route with me to 
the conclusion that ill the havoc of war, ten times multi¬ 
plied, would be evanescent if compared with the ravages 
due to atmospheric dust* 

This preventive dwtroetion is going on to-day, and 
it has been permitted to go on for ages, without a whisper 
of information regarding its mum being vouchsafed to 
the suffering sentient world. We have been scourged by 
invisible thongs, attacked from impenetrable ambuscades, 
and it is only to-day that the light of mminaii is being let 
in upon the murderous dominion of our foes. Facts like 
these excite in me the thought that the rule and governance 
of this universe are different from what wo in our youth 
supposed them to be—-that the inscrutable Power, at mice 
terrible and beneficent, in whom we live and move and 
have our being and our end, is to bo propitiated by means 
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different to those usually resorted to. The first requisite 
toward such propitiation is knowledge; tho second is action, 
shaped and illuminated by that knowledge. Of knowl¬ 
edge we already see the dawn, which will open out by 
and by to perfect day; while tho action which is to follow 
has its unfailing sourco and stimulus in the moral and 
emotional nature of man—in his desire for personal well¬ 
being, in his sense of duty, in his compassionate sympathy 
with tho sufferings of his fellow-men. “How often,” says 
Dr. William Budd in his celebrated work on Typhoid 
Fever-— 1 “How often have I seen in past days, in tho sin¬ 
gle narrow chamber of the day-laborer's cottage the father 
in tho coffin, the mother in the sick-bed in muttering de¬ 
lirium, and nothing to relieve the desolation of the chil¬ 
dren but the devotion of some poor neighbor, who in too 
many cases paid the penalty of her kindness in becoming 
herself the victim of the same disorder I” From the van¬ 
tage ground already won I look forward with confident 
hopo to the triumph of medical art over scenes of misery 
like that here described. The cause of tho calamity being 
onco clearly revealed, not only to the physician, but to 
the puhlie, whose intelligent co-operation is absolutely 
essential to success, tho final victory of humanity is only 
a question of time.' We have already a foretaste of that 
victory in tho triumphs of surgery as practiced at your 
doors. 
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W ITHIN km miituUw' walk of u huh’ cottage which 
I have recently brnlt ii» iht* A ip*, there m & 
small lake, fed 1*y the molted snows t*f the up. 
per mountains, During the early weeks of summer no 
trace of life b to he discerned in tin* water; Iml invari¬ 
ably toward Urn and of duly, or the beginning of August, 
swarms of tailed organisms am neon eujo% mg tho nun's 
warmth along the shallow margins of the hike, ami rush* 
ing with audible putter into deeper water at tho approach 
of danger, Tho origin of this periodic crowd of living 
things i« by no moana obvious. F«»r \ oars l had never 
noticed in the lake oithor an adult frog, or tho amid lust 
fragment o! frog spawn; ho that, wort* l imi otherwise in¬ 
formed, I should have found tho eomduiuou of Mafhiole 
a natural one, namtdy, that tudpolos aro generated in lake 
mud by the vivifying action of tho sun. 

The cheeks which experience atone can furnish being 
absent, tho spontaneous generation of creatures quite as 
high as tho frog in tho aealu of being wan mummed for 
ages to be a fact. Hero, as tdaewhere, the dominant mind 
of ArUtotle stamped its notions on the world at large. 
For nearly twenty oenturiea after him tmm found no diili* 
oulty in believing in oftaoi of apontatnnma generation which 

1 “The NlaetoimtU Century, M Jauuery, J»!B, 

( 806 ) 
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mid now be rejected as monstrous by the most fanatical 
pporter of the doctrine. Shell-fish of all kinds were 
nsidered to be without parental origin. Eels were sup¬ 
ped .to spring spontaneously from the fat ooze of the 
ile. Caterpillars were the spontaneous products of tho 
ives on which they fed; while winged insects, serpents, 
ts, and mice were all thought capable of boing gonerated 
ithout sexual intervention. 

Tho most copious source of this life without an ancestry 
as putrefying flosh; and, lacking tho cheeks imposed by 
llor investigation, the conclusion that flosh possesses and 
:erts this generative power is a natural one. I well ro- 
mbor when a child of ton or twelve seeing a joint of 
iporfoctly salted beof cut into, and coils of maggots laid 
ire within the mass. Without a moment’s hesitation X 
mpod to the conclusion that these maggots had been 
ontaneously generated in the meat. I had no knowledge 
aich could qualify or oppose this conclusion, and for the 
ne it was irresistible. The childhood of the individual 
piiios that of the race, and tho boliof lioro enunciated 
s that of the world for nearly two thousand years. 

To tho examination of this very point the celebrated 
:ancoaco Redi, physician to tho Granddukes Ferdinand 
. and Cosmo III. of Tuscany, and a member of the 
cademy dol Oimonto, addrossed himself in 1668. He 
id seen the maggots of putrefying flesh, and reflected 
i their possible origin. But he was not content with 
ere reflection, nor with the theoretic guesswork which 
s predecessors had founded upon their imperfect obser- 
ttions. Watching meat during its passage from fresh- 
iss to deoay, prior to the appearance of maggots he 
variably observed flies buzzing round the meat and fre- 
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quently alighting cm it The maggots, he thought, might 
be the half-developed progeny of these flies. 

The inductive guess precedes experiment, by 'which, 
however, it must be finally tested. Uedi knew this, and 
acted accordingly. Placing fresh meat, in a jar and cover¬ 
ing the mouth with paper, ho found that, though the meat 
putrefied in the ordinary way, it never bred maggots, while 
the name meat placed in open jars soon swarmed with those 
organisms. For the paper cover ho then substituted line 
gauze, through which the odor of the meat could rise. 
Over it the (lies buzzed, and on it they laid their eggs, 
but, the meshes lining too small to permit the eggs to fall 
through, no maggots were generated in the moat. They 
were, on the contrary, hatched upon the gauze. By a 
aorica of such experiment*! limit destroyed the belief in 
the spontaneous generation of maggots in meat, and with 
it doubtless many related Indicts. The cum bat was con¬ 
tinued by Vallmneri, Schwnmmerdam, and Ueaumur, who 
succeeded in banishing the notion of spontaneous genera* 
tion from the scientific minds of their day. I mined, as 
regardi such complex organism** as theme which formed 
the subject of their rewmrehiss, the tuition was banished 
forever. 

But the diioovttry and improvement of the microscope, 
though giving a death-blow to much that had been pre¬ 
viously written and ladieved regarding »j«mtameou» genera¬ 
tion, brought also into view & world of life formed of in* 
dmduali so minute-—so close m it seemed to the ultimate 
jNMetkdcs of matter—as to suggest an easy passage from 
atoms to organisms. Animal and vegetable infusions ex¬ 
posed to th® air wore found clouded and crowded with 
creatures far beyond the reach of unaided vision, but per- 
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Ly visible to an eye strengthened by the microscope, 
h reference to their origin these organisms were called 
Eusoria.” Stagnant pools were found full of them, and 
obvious difficulty of assigning a germinal origin to exr 
lces so minute furnished the precise condition neces- 
to give new play to the notion of heterogenesis or 
itaneous generation. 

[die scientific world was soon divided into two hostile 
ps, the leaders of which only can hero be briefly al- 
d to. On the one side, we have Buffon and Nocd- 
, the former postulating his “organic molecules,” and 
latter assuming the existence of a special “vegotativo 
a” which drew the molecules together so as to form 
ig things. On the other side, wo have the celebrated 
id Lazzaro Spallanzani, who in 1777 published results 
Lter to those announced by Needham in 1748, and ob- 
id by methods so precise as to completely overthrow 
convictions based upon the labors of his predecessor. 
:ging his flasks with organic infusions, ho scaled their 
:s with the blowpipe, subjected them in this condition 
ho heat of boiling water, and subsequently exposed 
i to temperatures favorable to the development of life, 
infusions continued unchanged for months, and when 
flasks wore subsequently opened no trace of life was 
,d. 

lore I may forestall matters so far as to say that the 
as of Spallanzani’s experiments depended wholly on 
locality in which ho worked. The air around him 
b have been free from the more obdurate infusorial 
is, for otherwise the process he followod would, as 
long afterward proved by Wyman, have infallibly 
led life. But his refutation of the doctrine of spoil 
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taneoim generation m m<t tl»«» Iohh valid on ting aocount. 
Nor ih it in any way upm-t hv tho fact tlmt others in ro- 
pealing lik experiment* obtamed life where h« obtained 
mono. Bather Ih the refutation strengthened by such dif* 
fercmcoH. (liven two experimenters npmlly skilful and 
©cjually careful, operating in dith-rent place* cm the game 
infusion, in the name way, and im-mming the mm to obtain 
lifts while tho other fails to obtain it; then its wolboRtah* 
lishod absence in tho one earn' pr«n me that sonic ingredient 
foreign to the infusion must be its cause in the other, 

Spallansaid’rt willed thinks contained but email quanti¬ 
ties of air, and m oxygen wan afterward shown to be gen¬ 
erally essential to life, it wan thought that the absence of 
life observed by Spnllauxani might have been duo to tho 
lack of this vitalising gas, To dissipate this doubt, 
Schulze in iHKb half tilled a flask with distilled wafer to 
which animal and vegetable mutters were’ added. First 
boiling his infusion to destroy whatever life it might con* 
tain, Stshukw sucked daily into Ids flunk air which had 
panned through a serins of bulbs containing concentrated 
mlphurio acid, where all germs of life suspended in tho 
air were supposed to be destroyed. From May to August 
this process wan continued without any development of 
Infniorial 111©, 

Here again the process of Kehuk.e wan due to Ida work* 
ing in ooraparatevely pure air, but even in such air his 
experiment is a very risky one. (terms will un¬ 

wetted and unscathed through sulphuric acid unless the 
special ear® is taken to detain them, I have re¬ 
peatedly failed, by repeating Stihulwite experiments, to 
obtain his remits. Others have failed likewise. The air 
passes in bubbles through the bulb*, and to render the 
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thod secure, the passage of the air must be so slow as 
cause the whole of its floating matter, oven to the very 
e of each bubble, to touch the surrounding liquid. But 
this precaution be observed, water will bo found quite 
effectual as sulphuric acid. By the aid of an air-pump, 
a highly infective atmosphere, I have thus drawn air 
weeks without intermission, first through bulbs oon- 
ling water, and afterward through vessels containing 
anic infusions, without any appearance of life. The 
ms wore not killed by tho - water, but they were oircet- 
ly intercepted, while tho objection that the air had been 
ired by being brought into contact with strongly cor¬ 
ive substances was avoided. 

The brief paper of Schulze, published in Poggondorf b 
. nnalon” for 1886, was followed in 1887 by another 
rt and pregnant communication by Schwann. Bedi, as 
have soon, traced the maggots of putrefying flesh to the 
;s of dies. But he did not and ho could not know the 
ming of putrefaction itself. lie had not tho instru- 
ital means to inform him that it also is a phenomenon 
mdant on tho development of life. This was first 
ved in the paper now alluded to. Schwann placed 
h in a flask filled to one-third of its capacity with 
ier, sterilized the flask by boiling, and then supplied 
for months with calcined air. Throughout this time 
ire appeared no mould, no infusoria, no putrefaction; 
flosh remained unaltered, while the liquid continued 
clear as it was immediately after boiling. Schwann 
a varied his experimental argument, with no altera- 
i in the result. His final conclusion was that putrefao- 
i is due to decompositions of organic matter attendant 
the multiplication therein of minute organisms. These 
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organisms wore derived not from tlie air, but from some, 
thing contained in the air, which whh destroyed by a suffi¬ 
ciently high temperature. There never wan u more deter¬ 
mined opponent of tins doctrine of spontaneous generation 
than Schwann, though a strange attempt was made a year 
and a half ago to enlist him and other# equally opposed 
to it on the aide of the doe trine, 

The physical eharaoter of the agent whicdi produces 
putrefaction was further revealed by Helmholu in 1848, 
By moan# of a membrane lie separated a sterilised pulroa- 
oible liquid from a putrefying turn. The sterilized infu¬ 
sion remained perfectly intact. lienee it was not the 
liquid of the putrefying maun—for that could freely dif¬ 
fuse through the membrane—hut something contained in 
the liquid, and which was stopped by the membrane, that 
caused the putrefaction. In 1854 Sohruoder and You 
Dusoli struck into thin inquiry, which was subsequently 
followed up by Be. breeder alone. Those able experiment* 
era employed plug# of cotton-wool to filter the air supplied 
to their infusions. Fed with such air, in the great major¬ 
ity of cases the puirtiseibla liquids remained perfectly 
sweet after boiling. Milk formed a conspicuous exenp* 
lion to the general rule. It putrefied after inn ling, though 
supplied with carefully filtered air. Tim researchert of 
Schroeder bring us up to the year 1H50. 

In that year a book wa* publinshod which seemed to 
overturn same of the best established facte of previous in¬ 
vestigators. It® title was “Hdttfrogdnio," and its author 
mm F. A. Pouchet, Director of the Museum of Natural 
History at Rouen. Ardent, laborious, learned, full not 
only of tcientifio, but of metaphysical fervor, he threw his 
whole energy into the inquiry. Never did a subject re* 
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quire tlie exercise of the cold critical faculty more tliau 
this one—calm study in the unravelling of complex phe¬ 
nomena, care in the preparation of experiments, care in 
their execution, skilful variation of conditions, and inces¬ 
sant questioning of results until repetition had placed 
them beyond doubt or question. To a man of Pouchet’s 
temperament the subject was full of danger—danger not 
lessened by the theoretic bias with which he approached 
it. This is revealed by the opening words of his preface: 
“Lorsque, par la meditation, il fut Evident pour moi que 
la gdndration spontande dtait encore Tun des moyens 
qu’emploie la nature pour la reproduction des etres, je 
m’appliquai a d£couvrir par quels procddds on pouvait 
parvenir h en mettre les phdnomenes en evidence.” It 
is needless to say that such a prepossession required a 
strong curb. Poucbet repeated the experiments of Schulze 
and Schwann with results diametrically opposed to theirs. 
He heaped experiment upon experiment and argument 
upon argument, spicing with the sarcasm of the advocate 
the logic of the man of science. In view of the multi¬ 
tudes required to produce the observed results, he ridi¬ 
culed the assumption of atmospheric germs. This was one 
of his strongest points. “Si les Proto-organismes que nous 
voyons pulluler partout et dans tout, avaient leurs germes 
dissdminds dans T atmosphere, dans la proportion math&na- 
tiquement indispensable a cet effet, Pair en serait totale- 
ment obscurci, car ils devraient s’y trouver beaucoup plus 
serr&s que les globules d’eau qui forment nos nuages 
6pais. II n’y a pas la la moindre exag£ration. ” Recur¬ 
ring to the subject, he exclaims: “IVair dans lequel nous 
vivons aurait presque la densite du fer. ” There is often 
a virulent contagion in a confident tone, and this hardi- 
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horn! of argumentative asanrtinn w m mm to influence 
mind* swayed not by knowledge, hut hy authority, BLad 
Pouohut known that *'th« blue ethereal sky” ia formed of 
suspended particlea, through which the mm freely shines, 
hi would hardly have ventured upon this line of argu. 
went 

Pouchot'* pursuit of this inquiry strengthened the oon- 
victmn with which he began it, and landed him in down¬ 
right credulity in the end. I do not question hi* ability 
m an observer, hut the inquiry needed a disciplined ex¬ 
perimenter, This latter implicit not mere utility to look 
at things as Nature offers them to our inspection, hut to 
force her to show herself under conditions prescribed by 
the experimenter himwdf. Here Pouehet lucked the nee- 
©wary ditoiplln©. Yet tlm vigor of his onset raised clouds 
of doubt, which for « time obscured the whole Held of in¬ 
quiry, Ho diflleult indeed did the subject seem, and so 
incapable of definite solution, that when Pasteur made 
known hl» intention to take it up, hie friend# Biot and 
Dum&a expressed their regret, earnestly exhorting him to 
•et a definite and rigid limit to thu time ho purposed 
upending in this apparently unprofitable field.* 

Schooled by his education a* a chemist, and hy special 
researches on the closely related question of fermentation, 
Pasteur took up this subject under particularly favorable 
conditions. His work and his culture had given strength 
and finish to his natural aptitudes* In 1862, accordingly, 
he published a paper “On the Organised Corpuscle# exist- 


1 H jran» waettkmlH &, tu4d Vmttm to hk nJrwtffr jtwenou* pupil, 

M da wstw Wep tongteaip tltma & iwjirtp*—-“Annatai d» Ohliwte etdePliytlqu®." 
1802, vdL heir, p. It, Stoat that Urn* tUustrtaM Perpaumt Secretary of Ui* 
Aoademy el Eelweiwi fm had good raMon. to nrriao this ** 
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ing in the Atmosphere, ’ ’ which must forever remain classi¬ 
cal. By the most ingenious devices he collected the float¬ 
ing particles of the air surrounding his laboratory in the 
Rue d’Ulm, and subjected them to microscopic examina¬ 
tion. Many of them he found to be organized particles. 
Sowing them in sterilized infusions, he obtained abundant 
crops of microscopic organisms. By more refined methods 
e repeated and confirmed the experiments of Schwann, 
hich had been contested by Pouchet, Montegazza, Joly, 
and Musset. He also confirmed the experiments of 
Schroeder and Yon Busch. He showed that the cause 
which communicated life to his infusions was not uni¬ 
formly diffused through the air; that there were afjrial 
interspaces which possessed no power to genorate life. 
Standing on the Mer de Glace, near the Montanvert, he 
nipped off the ends of a number of hermetically sealed 
flasks containing organio infusions. One out of twenty 
f the flasks thus supplied with glacier air showed signs 
of life afterward, while eight out of twenty of the same 
‘nfusions, supplied with the air of the plains, became 
crowded with life. He took his flasks into the caves un¬ 
der the Observatory of Paris, and found the still air in 
these caves devoid of generative power. These and other 
experiments, carried out with a severity perfectly obvious 
to the instructed scientific reader, and accompanied by a 
logio equally severe, restored the conviction that, even in 
hese lower reaches of the scale of being, life does not 
appear without tho operation of antecedent life. 

The main position of Pasteur has been strengthened 
by practical researches of the most momentous kind. Ho 
has applied the knowledge won from his inquiries to tho 
reservation of wine and beer, to the manufacture of vin- 
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wound and abscess wbich so frequently converted our 
hospitals into charnel-houses, and it is their destruction, 
by the antiseptic system that now renders justifiable opera¬ 
tions which no surgeon would have attempted a few years 
ago. The gain is immense—to the practicing surgeon as 
well as to the patient practiced upon. Contrast the anx¬ 
iety of never feeling sure whether the most brilliant opera¬ 
tion might not be rendered nugatory by the access of a 
few particles of unseen hospital dust, with the comfort 
derived from the knowledge that all power of mischief on 
the part of such dust has been surely and certainly anni¬ 
hilated. But the action of living contagia extends beyond 
the domain of the surgeon. The power of reproduction 
and indefinite self-multiplication which is characteristic of 
living things, coupled with the undeviating fact of con¬ 
tagia “breeding true,” has given strength and consistency 
to a belief long entertained by penetrating minds, that 
epidemic diseases generally are the concomitants of para¬ 
sitic life. “There begins to be faintly visible to us a 
vast and destructive laboratory of nature wherein the dis¬ 
eases which are most fatal to animal life, and the changes 
to which dead organic matter is passively liable, appear 
bound together by what must at least be called a very 
close analogy of causation. ” 1 According to this view, 
which, as I have said, is daily gaining converts, a con¬ 
tagious disease may be defined as a conflict between the 
person smitten by it and a specific organism which multi¬ 
plies at his expense, appropriating his air and moisture, 


die Balken zur Stiitze seiner Faulnisstheorie zu zimmern versucht, hat zuerst 
den Satz ‘keine Faulniss ohne Bacterium Termo’ zu widerlegen. ” 

1 Report of the Medical Officer of the Privy Council, 1874, p. 5. 
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disintegrating his tissues, or poisoning him by the decom¬ 
positions incident to its growth. 

During the ten years extending from 1869 to 1809, re¬ 
searches on radiant heat in its relations to the gaseous 
form of matter occupied my continual attention. When 
air was experimented on, I had to cleanse it effectually 
of floating matter, and while doing so I was surprised to 
notice that, at the ordinary rate of transfer, such matter 
passed freely through alkalies, acids, alcohols, and ethers. 
The eye being kept sensitive by darkness, a concentrated 
beam of light was found to bo a most searching test for 
suspended matter both in water and in air—a test indeed 
indefinitely more searching and severe than that furnished 
by the most powerful microscope. With the aid of such 
a beam I examined air filtered by cotton-wool; air long 
kept free from agitation, so tut to allow the floating matter 
to subside; calcined air, and air filtered by the deeper 
cells of the human lungs. In all cases the correspondence 
between my experiments and those of Sehrooder, Pasteur, 
and Lister in regard to spontaneous generation was per¬ 
fect. The air which they found inoperative was proved 
by the luminous beam to be optically pure and therefore 
germleBB. Having worked at the subject both by experi¬ 
ment and reflection, on Friday evening, January 21, 1870, 
I brought it before the members of the Royal Institution, 
Two or three months subsequently, for sufficient practical 
reasons, I ventured to direct public attention to the sub¬ 
ject in a letter to the “Times.” Such was my first contact 
with this important question. 

This letter, I believe, gave occasion for the first public 
utterance of Dr. B&stian in relation to this subject He 
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did me the honor to inform me, as others had informed 
Pastenr, that the subject “pertains to the biologist and 
physician.” He expressed “amazement” at my reasoning 
and warned me that before what I had done could be 
undone “much irreparable mischief might be occasioned.” 
With far less preliminary experience to guide and warn 
him, the English heterogenist was far bolder than Pouchet 
in his experiments, and- far more adventurous in his con¬ 
clusions, With organic infusions he obtained the results 
of his celebrated predecessor, but he did much moro—the 
atoms and molecules of inorganic liquids passing under 
his manipulation into those more “complex chemical com¬ 
pounds,” which we dignify by calling them “living organ¬ 
isms.” 1 As regards the public who take an interest in 
such things, and apparently also as regards a large por¬ 
tion of the medical profession, our clever countryman suc¬ 
ceeded in restoring the subjoct to a state of uncertainty 
similar to that which followed the publication of Pouchet’s 
volume in 1859. 

It is desirable that this uncertainty should be removed 
from all minds, and doubly desirable on practical grounds 
that it should be removed from the minds of medical men. 
In the present article, therefore, I propose discussing this 
quostion face to faco with some eminent and fair-minded 
member of the medical profession who, as regards sponta¬ 
neous generation, entertains views adverse to mine. Such 
a one it would be easy to name; but it is perhaps better 
to rest in the impersonal. I shall therefore simply call 


1 “It is further held that bacteria or allied organisms are prone to be engen¬ 
dered as correlative products, coming into existence in the several fermenta¬ 
tions, just as independently as other less complex chemical compounds.”—- 
Bastiau, “Trans, of Pathological Society, ” vol. xxvi. 268. 
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my proposed co-inquirer my friend. With him at my 
side, I shall endeavor, to the best of my ability, bo to 
conduot this disoussion that he who runs may read and 
that he who reads may understand. 

Let us begin at the beginning. I ask my friend to 
step into the laboratory of the Koyal Institution, where 
I place before him a basin of thin turnip slices barely oov- 
ored with distilled water kept at a torn* 
/[\ perature of 120° Fahr. After digesting 

i l \ the turnip for four or five hours we 

m n \ pour ol! the liquid, boil it, filter it, and 
kUH > obtain an infusion as clear as filtered 

HH drinking water. Wo cool the infusion, 

pivii test its specific gravity, and find it to 

ipi be 1008 or higher—water being 1000. 

A number of small clean empty flasks, 
of the shape shown on the margin, are before us. One of 
them is slightly warmed with a spirit-lamp, and its open 
end is then dipped into the turnip infusion. The warmed 
glass is afterward chilled, the air within the flask cools, 
contracts, and is followed in its contraction by the infu¬ 
sion. Thus we get a small quantity of liquid into the 
flask. Wo now heat this liquid carefully. Steam is pro¬ 
duced, which issues from the open neck, carrying the air 
of the flask along with it. After a few seconds' ebulli¬ 
tion, the open neck is again plunged into the infusion, 
The steam within the flask condenses, the liquid enters 
to supply its place, and in this way we fill our little flask 
to about four-filths of its volume. This description is 
Irypieal; we may thus fill a thousand flasks with a thou* 
Band different infusions. 

I now ask my friend to notice a trough made of sheet 
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per, with two rows of handy little Bunsen burners un- 
leath it. This trough, or bath, is nearly filled with 
a piece of thin plank constitutes a kind of lid for the 
i>ath. The wood is perforated with circular apertures 
3 enough to allow our small flask to pass through and 
lge itself in the oil, which has been heated, say, to 
' Fahr. Clasped all round by the hot liquid, the in- 
on in the flask rises to its boiling point, which is not 
ably over 212° Fahr. Steam issues from the open 
c of the flask, and the boiling is continued for five 
utes. With a pair of small brass tongs, an assistant 
seizes the neck near its junction with the flask, and 
ially lifts tho lattor out of the oil. The steam docs 
cease to issuo, but its violence is abated. With a 
nd pair of tongs held in one hand, the neck of tho 
c is soized closo to its open ond, wluro with the other 
1 a Bunsen’s flame or an ordinary spirit flame is 
ight under the middle of the neck. Tho glass red- 
», whitens, softens, and as it is gently drawn out the 
: diminishes in diamoter, until the canal is completely 
ked up. Tho tongs with the fragment of severed neck 
g withdrawn, tho flask, with its coiitonts diminished 
ivaporation, is lifted from the oil-bath perfectly sealed 
fiotieally. 

hxty such flasks filled, boiled, and soalod in the man- 
doscribod, and containing strong infusions of beef, 
ton, turnip, and cucumbor, are carefully paoked in 
lust, and transported to the Alps. Thither, to an 
ation of about 7,000 feet above the sea, I invite my 
quirer to accompany me. It is the month of July, 
the weather is favorable to putrefaction. Wo open 
box at tho Bel Alp, and count out fifty-four flasks, 
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with their liquids aa clear m filtered drinking water. In 
six flanks, however, the inf union in found muddy. We 
closely examine these, and discover that every one of them 
has had its fragile end broken oil in the transit from Lorn 
don. Air has entered the flasks, and the observed mud- 
dinoss is the result My colleague knows as well as I do 
what this moans. Examined with a pocket-lens, or even 
with a microscope of insufficient power, nothing is seen in 
the muddy liquid; but regarded with a magnifying power 
of a thousand diameters or so, what an astonishing appear¬ 
ance does it presentl Eoouwenhouk estimated the popula¬ 
tion of a single drop of stagnant water at 500,000,000; 
probably the population of a drop of our turbid infusion 
would he this many times multiplied. The field of the 
microscope is crowded with organisms, some wabbling 
slowly, others shooting rapidly across the mierosoopio 
field. They dart hither and thither like a rain of minute 
projectiles; they pirouette and spin so quickly round that 
the retention of the retinal impression transforms the little 
living rod into a twirling wheel. And yet the most cele¬ 
brated naturalists tell us they arc vegetables. From the 
rod-like shape which they so frequently assume, these or¬ 
ganisms are called “hactoria”—a term, he it here remarked, 
which covers organisms of very diverse kinds. 

Has this multitudinous life been spontaneously gener¬ 
ated in these six flasks, or is it the progeny of living 
germinal matter carried into the flasks by the entering 
air? If the infusions have a self-generative power, how 
are the sterility and consequent oleamuss of the fifty-four 
uninjured flasks to he accounted for? My colleague may 
urge—and fairly urge—that the assumption of germinal 
matter is by no means necessary; that the air itself may 
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be the one thing needed to wake up the dormant infusions. 
We will examine this point immediately. Bnt meanwhile 
I would remind him that I am working on the exact lines 
laid down by our most conspicuous heterogenist. He dis¬ 
tinctly affirms that the withdrawal of the atmospheric 
pressure above the infusion favors the production of or¬ 
ganisms; and he accounts for their absence in tins of pre¬ 
served meat, fruit, and vegetables, by the hypothesis that 
fermentation has begun in such tins, that gases have been 
generated, the pressure of which has stifled the incipient 
life and stopped its further development.* 1 This is the 
new theory of preserved meats. Had its author pierced a 
tin of preserved meat, fruit, or vegetable under water with 
the view of testing its truth, he would have found it erro¬ 
neous. In well-preserved tins he would have found, not 
an outrush of gas, but an inrush of water. I have noticed 
this recently in tins which have lain perfectly good for 
sixty-three years in the Royal Institution. Modern tins, 
subjected to the same test, yielded the same result. From 
time to time, moreover, during the last two years, I have 
placed glass tubes, containing clear infusions of turnip, 
hay, beef, and mutton, in iron bottles, and subjected them 
to air-pressures varying from ten to twenty-seven atmos¬ 
pheres-—pressures, it is needless to say, far more than 
sufficient to tear a preserved meat tin to shreds. After 
ten days these infusions were taken from their bottles rot¬ 
ten with putrefaction and teeming with life. Thus col¬ 
lapses a hypothesis which had no rational foundation, and 
which oould never have seen the light had the slightest 
attempt been made to verify it. 


1 “Beginnings of life,” vol. i. p. 418. 
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Our fifty-four vacuous and pellucid flasks also declare 
against tho hetorogonist. Wo expose them to a warm Al¬ 
pine sun by day, and at night we suspend them in a warm 
kitchen. Four of them have boon accidentally broken; 
but at the end of a month wo find the fifty remaining 
ones as clear as nt the commencement. There is no sign 
of putrefaction or of life in any of them. Wo divide these 
flasks into two groups of twenty-three and twenty-seven 
respectively (an accident of counting rendered tho division 
uneven). The question now is whether the admission of 
air oan liberate any generative energy in the infusions. 
Our next experiment will answer this question and some¬ 
thing more. We carry tho flasks to a hayloft, and there, 
with a pair of steel pliers, snip off the sealed ends of the 
group of three-and*twenty, Knob snipping off is of course 
followed by an inrush of air. We now carry our twenty- 
seven flasks, our pliers, and a spirit-lamp, to a ledge over¬ 
looking the Alutseh giaoier, about two hundred feet above 
the hayloft, from which ledge the mountain falls almost 
precipitously to the northeast for about a thousand feet 
A gentle wind blows toward us from the northeast—that 
is, across the orests and snow-fields of the Oborland moun¬ 
tains. Wo arc therefore bathed by air which must have 
been for a good while out of practical contact with either 
animal or vegetable life. I stand carefully to leeward of 
the Basks, for no dust or particle from my clothes or body 
must be blown toward them. An assistant ignites the 
spirit-lamp, into the flame of which I plunge the pliers, 
thereby destroying all attached germs or organisms. Then 
X snip of! the sealed end of the flask. Prior to every 
snipping the same process is gone through, no flask being 
opened without the previous cleansing of tho pliers by 
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the flame. In this way we charge our seven-and-twenty 
flasks with clean vivifying mountain air. 

We place the fifty flasks, with their necks open, over 
a kitchen stove, in a temperature varying from 60° to 90° 
Fahr., and in three days find twenty-one out of the 
twenty-three flasks opened on the hayloft invaded by 
organisms—two only of the group remaining free from 
thorn. After three weeks’ exposure to precisely the same 
conditions, not one of the twenty-seven flasks opened in 
free air had given way. No germ, from the kitchen air 
had ascended the narrow necks, the flasks being shaped 
to produce this result. They are still in the Alps, as 
clear, I doubt not, and as free from life as they wore 
when sont oil from London. 1 

What is my colleague’s conclusion from the experi¬ 
ment beforo us? Twenty-seven putresoible infusions, first 
in vacuo, and afterward supplied with the. most invigorat¬ 
ing air, have shown no sign of putrefaction or of life. 
And as to the others, I almost shrink from asking him 
whether the hayloft has rendered thorn spontaneously 
generative. Is not tho # inference bore imperative that it 
is not the air of tho loft—which is connected through a 
constantly open door with the general atmosphere—but 
something contained in the air, that has produced the 
effects observed ? What is this something ? A sunbeam 
entering through a chink in tho roof or wall, and travers¬ 
ing tho air of the loft, would show it to be laden with 
suspended dust particles. Indoed tho dust is distinctly 
visible in the diffusod daylight. Can it have been the 
origin of tho observed life? If so, are we not bound by 
all antecedent experience to regard these fruitful partioles 


1 An actual experiment made at the Bel Alp is Lore described. 
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an tho germs of the lifts observed V This nanus of Baron 
Liebig ban been constantly mixed up with these discus¬ 
sions. “Wo have," it in Haul, “his authority for assum¬ 
ing that dead decaying matter can produce fermentation.” 
True, but with Liebig fermentation wan by no means ay- 
nonymous with U/c. It meant, aeeordiug to him, tho shak¬ 
ing asunder by e.hemioal disturbance of unstable mohsculoa. 
Ducsh the life of our Hanks, then, proceed from dead par¬ 
tial oh ? If my oo-inquirer should reply “ Yes,” thou X 
would ask him, “What warrant does Katun' niter for such 
an assumption ? Where, amid tins multitude of vital phe¬ 
nomena in which her operations have bem clearly traced, 
is the slightest countenance given to the notion that tho 
sowing of dead particles can produce a living crop?” 
With regard to Baron Liebig, had he studied the revela¬ 
tions of the microscope in relation to these questions, a 
mind so penetrating could never have missed the signifi¬ 
cance of the facts revealed, lie, however, neglected tho 
microscope, and fell into error- - but not into error so gross 
as that in support of which his authority has been in¬ 
voked. Wore he now alive, he would, I doubt not, repu¬ 
diate the use often made of his name Liebig's view of 
fermentation was at least a scientific one, founded on pro¬ 
found conceptions of molecular instability. But this view 
by no means involves tho notion that the planting of 
dead particles—*‘Stiokstollsplittern* 1 tvs Cohn contemptu¬ 
ously calls them—is followed by the sprouting of infuso¬ 
rial life, 

Let us now return to London and fix our attention on 
the dust of %U air. Suppose a room in which the house¬ 
maid has just finished her work to be completely closed, 




SPONTANEOUS GENERATION 827 

with, the exception of an aperture in a shutter through 
which a sunbeam enters and crosses the room. f I he 8out¬ 
ing dust roveals the track of the light. Let a Iciih he 
placed in the aperture to condense the beam. Its parallel 
rays are now converged to a couo, at the apex of which 
the dust is raised to almost unbroken whiteness by the 
intensity of its illumination. "Defended from all glare, 
the eye is peculiarly sensitive to this scattered light. The 
•floating dust of .London rooms is organic, and may he 
burned without leaving visible residue. The nwhm of a 
spirit-lamp flame upon the floating matter h:m else¬ 

where thus described: 

In a cylindrical beam which strongly iflumimsird f )m 
dust of our laboratory, I placed an ignited epirit lump. 
Mingling with the (lame, aml round its rim, were seen 
curious wreaths of darkness resembling an intensely black 
smoke. On placing the flame at some distance below the 
Loam, the same dark masses stormed upward. They vwm 
blacker than the blackest smoke ever seen issuing front the 
funnel of a steamer; and their resemblunee to juu<d,r was m 
perfect as to prompt the conclusion that the apparently pure 
flame of the alcohol-lump required hut u beam «*f miitmicnt 
intensity to reveal its clouds of liberated imrbow. 

Bat is the blackness smoko ? This question presented 
itself in a moment, and was thus answered: A red l»*i puker 
was placed underneath the beam; from it tin* black wreath* 
also ascended. A large hydrogen flame, which mu its no 
smoke, was next employed, and it also pmdticmd with wig. 
mentod copiousness those whirling mtytaett of darkness. 
Smoke being out of the question, what is the blackm%«s ? 
It is simply that of stellar space; that is to say, black m-aa 
resulting from the absence from tins truck of the beam of all 
matter competent to scatter its light When the li»ut« wan 
placed below the beam, the floating matter was destroyed 
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i ttiin; and the heated air, freed from thin matter, rose into 
u* haunt, jostled aside the illuminated particles, ami subati* 
tied for their light the darkness due to its own perfect 
•ansparenoy. Nothing could more forcibly illustrate tho 
ivisibility of the agent which renders all things visible, 
'he beam crossed, unseen, the black ehnsm formed by the 
mnsjmrent air, while, at both sides of the gap, the thick* 
trewn particles shone out like a luminous solid under tho 
imvorful illumination,* 

Supposing an infusion intrinsically barren, but readily 
useeptible of putrefaction when exposed t«> common air, 
o Im brought into contact with tins unilhumnublu air, 
vhat wmild be the result ? it would never putrefy. It 
night, however, be urged that the ?ur is spoiled by its 
violent calcination. Oxygen passed through a spirit-lamp 
lame is, it. may ho thought, no longer the oxygen suitable 
for the development and maintenance of life. We have 
an easy escape from this difficulty, whioh is bused, how* 
ever, upon tho unproved assumption that the air has been 
a fleeted by the flame. Lot a condensed beam bo scut 
through a large flask of boitheml containing common air. 
Tho track of the beam is seen within tho flask—the dust 
revealing the light, and the light revealing the dusk Cork 
the flask, sin ft its nook with eottomwool, or simply turn 
it mouth downward and leave it undisturbed for a day or 
two. Examined afterward with the luminous beam, no 
track is visible; the light passes through the flask as 
through a vacuum. The floating matter has abolished 
itself, being now attached to the interior surface of the 
flask. Were it mtr object, as it will be subsequently, to 
effectually detain the dirt, we might coat that surface with 


1 8 m pKgti HU, vot U 
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some sticky substance. Here, then, without “torturing” 
the air in any way, we have found a means of ridding it, 
or rather of enabling it to rid itself, of floating matter. 

We have now to devise a means of testing the action 
of such spontaneously purified air upon putrescible infu¬ 
sions. Wooden chambers, or cases, are accordingly con¬ 
structed, having glass fronts, side-windows, and back¬ 
doors. Through the bottoms of the chambers test-tubes 
pass air-tight; their open ends, for about one-fifth of the 
length of the tubes, being within the chambers. Provis¬ 
ion is made for a free connection through sinuous chan¬ 
nels between the inner and the outer air. Through such 
channels, though open, no dust will reach the chamber. 
The top of each chamber is perforated by a circular hole 
two inches in diameter, closed air-tight by a sheet of india- 
rubber. This is pierced in the middle by a pin, and 
through the pin-hole is pushed the shank, of a long pipette 
ending above in a small funnel. The shank also passes 
through a stuffing-box of cotton-wool moistened with glyc¬ 
erine; so that, tightly clasped by the rubber and wool, 
the pipette is not likely in its motions up and down to 
carry any dust into the chamber. The illustration (page 
330) shows a chamber, with six test-tubes, its side-win¬ 
dows w w, its pipette p c, and its sinuous channels a b 
which connect the air of the chamber with the outer air. 

The chamber is carefully closed and permitted to re¬ 
main quiet for two or three days. Examined at the begin¬ 
ning by a beam sent through its windows, the air is found 
laden with floating matter, which in three days has wholly 
disappeared. To prevent its ever rising again, the internal 
surface of the chamber was at the outset coated with glyc¬ 
erine. The fresh but putrescible liquid is introduced into 
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the six tulms in succession by menus of the pipette. Pep, 
milled to remain without further precaution, every one 
of the tulm* wonUl putrefy and till itself with life. The 
liquid has Wen in uoutaet with the dual-laden air outside 
by which it haa knui iufectcd, ami the infection must be 



destroyed. This i« done by plunging the nix tubes into 
ft bath of heated oil and boiling the infusion. The time 
requisite to destroy the infection depends wholly upon 
its nature. Two minutes’ boiling sunken to destroy some 
oontagia, whereas two hundred minutes* boiling fails to 







SPONTANEOUS GENERATION 


381 


sstroy others. After the infusion has been sterilized, 
l 6 oil-bath is withdrawn, and the liquid, whose putresci- 
.lity has been in no way affected by the boiling, is aban- 
med to the air of the chamber. 

With such chambers I tested, in the autumn and winter 
' 1875-76, infusions of the most various kinds, embracing 
itural animal liquids, the flesh and viscera of domestic 
umals, game, fish, and vegetables. More than fifty 
lumbers, each with its series of infusions, were tested, 
any of them repeatedly. Tlioro was no shade of uneer- 
inty in any of the results. In every instance we hud, 
ithin the chamber, perfect limpidity and sweetness, which 
some cases lasted for more than a year—without the 
Lumber, with the same infusion, putridity and its char- 
iteristio smells. In no instance was the least countenance 
nt to the notion that an infusion deprived by heat of its 
horent lifo, and placed in contact with air cleansed of 
3 visibly suspended matter, has any power to generate 
ie anew. 

Remembering then the number and variety of the fu¬ 
sions employed, and the strictness of our adherence to 
e rules of preparation laid down by the helerogenists 
emselves; remembering that we have operated upon the 
>ry substanoes reoommended by them as capable of fur- 
shing, ovon in untrained hands, easy and decisive proofs 
spontaneous generation, and that we have added to 
eir substances many others of our own—if^this pretended 
merativo power wero a reality, surely it must have mani- 
ted itself somewhere. Speaking roundly, I should say 
at in such closod chambers at least five hundred chances 
tve been given to it, but it has nowhere appeared. 

The argument is now to be clinched by an experiment 
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which will remove every residue of doubt m to the ability 
of tin* infumorm boro employed ki mmiain life. Wo open 
the back-doors of our waled olmmbuw, and permit tba 
common air with sin floating particle* to have access to 
our tube#. Fur three mouth** they have remained pellucid 
and awed flesh, hah, and vegetable extracts purer than 
over rook mamifneturtnl. Three days’ expoHttre to the 
dusty air milliivn to render them muddy, fetid, and swarm¬ 
ing with mfuaorial life. The liquid# arts tlnw proved, one 
and all, ready for putrefaction when the (umtiuu‘mating 
agent i» applied. I invite my colleague to reileet on these 
facts, How will he account fur the nlwolute immunity 
of a liquid exjumod fur month# in a warm room to optically 
pure air, and it* infallible putrefaction in a few day# when 
exposed to dust*laden air? He must, I mtbmit, how to 
the eouelmdun that the dust-particle# are the cause of 
putrefactive life, And unless h« accepts the hyputluwia 
that thews particle#, being dead in the air, are in the 
liquid miraculously kindled into living things, he must 
conclude that the life we have observed springs from 
germs or organiama difluaod through the atmosphere. 

The experiment* with hermetically pealed Ilaska have 
remedied the number of B 40 . A sample group of Ills) of 
thorn were laid before the Royal Swiety on January 18, 
1876. They wore uttorly free front lifts, having been com* 
plotoly Btoriltsscd by threw minutes* Witling. Speeial euro 
had boon taken that the turnjterniurun k» whioh the Utwka 
were exposed should include ihutw previously alleged to 
be efficient. The eon di turn* laid down by the lmterugeuwt 
were accurately copied, lmt there wm no corroboration 
of Mb reiulti. Strew wan then laid on the quwtiun of 
warmth, thirty degree# being suddenly added to the tom* 
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ires with which both of us had previously worked, 
ing all protest against the caprice thus manifested, 

; this new requirement also. The sealed tubes, which 
proved barren in the Koyal Institution, were sus- 
sd in perforated boxes, and placed under the super- 
1 of an intelligent assistant in the Turkish Bath in 
fn Street. From two to six days had been allowed 
he generation of organisms in hermetically sealed 
. Mine remained in the washing-room of the bath 
ine days. Thermometers placed in the boxes, and 
off twice or three times a day, showed the tempera¬ 
te vary from a minimum of 101° to a maximum of 
Fahr. At the end of nine days the infusions were 
ear as at the beginning. * They were then removed 
warmer position. A temperature of 115° had been 
Loned as particularly favorable to spontaneous genera¬ 
tor fourteen days the temperature of the Turkish 
hovered about this point, falling once as low as 106°, 
.ing 116° on three occasions, 118° on one, and 119° 
vo. The result was quite the same as that just re- 
id. The higher temperatures proved perfectly ineom- 
it to develop life. 

aking the actual experiment we have made as a bams 
Iculation, if our 940 flasks were opened on the hay- 
>f the Bel Alp, 858 of them would become filled with 
lisms. The escape of the remaining 82 strengthens 
case, proving as it does conclusively that not in the 
nor in the infusions, nor in anything continuous dif- 
L through the air, but in discrete particles, suspended 
le air and nourished by the infusions, we are to seek 
cause of life. Our experiment proves these particles 
3 in some cases so far apart on the hayloft as to per- 
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mit 10 per cont of *mr flank# to take in air without con- 
trading ctmtaminattwa A quarter of n century ago Pasteur 
proved tho vnnm of "amend led fqtontaneouM generation" to 
bo dkeandntwm. I have already referred to hirt ohwrva* 
tion that 12 out of 2** fhmka <q««ned on tho plains soaped 
inflation, white 18 out of *2(1 flunk# opened on tho Horde 
(Ilium escaped. Our own experiment tit tho Bel Alp is 
it morn emphatic instance of tho same kind, IK) per cent 
of tho flank# opened in tho hayloft being smitten, while 
not one of thorn* ojamed on the free mountain ledge was 
attacked, 

Tho power of tho iur m regard# putrefactive infection 
in incessantly changing through natural causes, ami we 
are able to alter it at will. Of a mi miner of flank# opened 

in 1878 In tho lalmriitory of tho Itojral Institution, 42 per 
mit worn smitten, whiles 58 por mil esouped. In 1877 tho 
proportion in the same laboratory wan IlH per rent smitten, 
to 82 intact, Tho greater mortality, #0 to apeak, of the 
infu#ion# in 1877 wrh duo to the presence of hay which 
diffmttid it# gorminal dust in the laboratory air, musing 
it to approximate an regard# infinitive virulence to tho 
air o! the Alpine loft I would iwk my friend to bring 
his Rcientiflo penetration to laiar upon all the foregoing 
facta. They do not prove ftponianeouti generation to ho 
“impownblc," My aaaertuma, however, relate not to “pen* 
aihilttica, 1 ' but to praaft » and the experiment# juat de¬ 
scribed do moat distinctly prove the evidence on which 
the heterogeuiat relies to bo written on waste paper. 

My colleague will not, I am jmrmmded, dispute those 
retult**, but hi may be dinpoaed to urge that other able 
and honorable men working at tho tttimti subject have 
arrived at ©onolufiAonm different from mine, Moat freely 
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granted; but let me here recur to the remarks already 
made in speaking of the experiments of Spallanzani, to 
the effect that the failure of others to confirm his results 
"by no means upsets their evidence. To fix the ideas, let 
us suppose that my colleague comes to the laboratory of 
the Royal Institution, repeats there my experiments, and 
obtains confirmatory results; and that he then goes to 
University or King’s College where, operating with the 
same infusions, he obtains contradictory results. Will he 
be disposed to conclude that the self-same substance is 
barren in Albemarle Street and fruitful in Grower Street 
or the Strand? His Alpine experience has already made 
known to him the literally infinite differences existing 
between different samples of air as regards their capacity 
for putrefactive infection. And, possessing this knowl¬ 
edge, will he not substitute for the adventurous conclusion 
that an organic infusion is barren at one place and spon¬ 
taneously generative at another, the more rational and 
obvious one that the atmospheres of the two localities 
which have had access to the infusion are infective in 
different degrees? 

As regards workmanship, moreover, he will not fail to 
bear in mind that fruitfulness may be due to errors of 
manipulation, while barrenness involves the presumption 
of correct experiment. It is only the careful worker that 
can secure the latter, while it is open to every novice to 
obtain the former. Barrenness is the result at which the 
conscientious experimenter, whatever his theoretic convic¬ 
tions may be, ought to aim, omitting no pains to secure 
it, and resorting only when there is no escape from it to 
the conclusion that the life observed comes from no source 
which correct experiment could neutralize or avoid. 



Let ut* again take a definite* ease. Supposing ti 
league to njierata with the name apparent earn on ; 
fusions—or rather cm ICM1 aampU* «f the paint mb 
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“What preeent warrant," it haa been asked, “ia there 
for supposing that a naked, or almost naked, spook of 
protoplasm oan withstand tour, six, or tight horn’ boil- 
mg¥” Regarding naked apeak* of protoplasm I make no 
assertion. I know nothing about them, nave m th© creat- 
urea of fancy. But I do affirm, not as a “supposition, " 
nor an “assumption," nor a “probable guess, n nor as “a 
wild hypothesis,*' but m a matter of the mmt undoubted 
fact, that tlm spores of the hay bacillus, when dmroughly 
desiccated by ago, have withstood die ordeal mentioned, 
And l further affirm diat these obdurate germs, under the 
guidance of dm knowledge that they mr germs, can bo de¬ 
stroyed by five minutes' boiling, or even lew. This mania 
explanation. The finished bacterium periuhes at a tom- 
perature far below that of boiling water, and it is fair to 
assume that dm nearer die germ is to its final sensitive 
condition tho mom readily will it succumb to beat. Seeds 
soften before and during germiundon. This promised, the 
simple description of the following process will sufflao to 
make its moaning understood. 

An infusion infected with the most powerfully rosistent 
germs, but otherwise protected against the flouting matters 
of the air, is gradually raised to its Itoiling-jKunt Such 
germs as have reached tho soft and plastic state imme¬ 
diately preceding dteir development into bacteria are thus 
destroyed. The infusion is then put aside in a warm room 
for ten or twelve hours. If for twenty-four, we might have 
the liquid charged with well-developed bacteria. To an¬ 
ticipate this, at the end of ten or twelve hours we raise 
the infusion a second time to the boiling temperature, 
which, m before, destroys all germ* then approaching 
their point of final development. The infusion is again 
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Lt aside for ten or twelve hours, and the process of heat- 
g is repeated. We thus kill the germs in the order of 
nr resistance , and finally kill the last of them. No infu- 
>n can withstand this process if it be repeated a suffi- 
mt number of times. Artichoke, cucumber, and turnip 
fusions, which had proved specially obstinate when in- 
sted with the germs of desiccated hay, were completely 
oken down by this method of discontinuous heating, 
ee minutes being found sufficient to accomplish what 
ree hundred minutes’ continuous boiling failed to ac- 
mplish. I applied the method, moreover, to infusions 
various kinds of hay, including those most tenacious of 
e. Not one of them bore the ordeal. These results 
jre clearly foreseen before they were realized, so that 
e germ theory fulfils the test of every true theory, that 
3t being the power of prevision. 

When ‘‘naked or almost naked specks of protoplasm” 
spoken of, the imagination is drawn upon, not the ob* 
3tive truth of Nature. Such words sound like the words 
knowledge whore knowledge is really nil. The possi- 
lity of a “thin covering” is conceded by those who 
eak in this way. Such a covering may, howevor, exer- 
36 a powerful protective influence. A thin pellicle of 
idia-rubber, for example, surrounding a pea keeps it 
brd in boiling water for a time sufficient to roduca an 
icovered pea to a pulp. The pellicle prevents imbibition, 
illusion, and the consequent disintegration. A greasy or 
ly surface, or oven the layer of air which clings to cer- 
in bodies, would act to some extent in a similar way. 
rhe singular resistance of green vegetables to steriliza- 
>n,” says Dr. William Roberts, “appears to be due to 
me peculiarity of the surface, perhaps their smooth 
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glistening epidermis which prevented complete wetting of 
their surfaces.” 

I pointed out in IHTtl that the process by which an 
atmospheric germ is wetted would Ik? an interesting snb- 
jeot of investigation. A dry microscope covering-glass 
may ho caused to flout on water for a year. A sewing, 
noodle may he similarly kept flouting, though its specifics 
gravity in nearly eight times that of water. Were it 
not Cor stums specific relation between the matter of the 
germ and that of the liquid into which it falls, wetting 
would bo simply impossible. Antecedent to all develop¬ 
ment thorn must he an interchange of matter between the 
germ and its environment; and this interchange must ob¬ 
viously depend upon the relation of the germ to its encom¬ 
passing liquid. Anything that binders this intereluuige 
retards the destruction of the germ in boiling water, In 
my paper, published in tin* " Philosophical Traiiaaeturns ’ 1 
for 1877, 1 add the following remark: 

It is not ditheult to see that the surface of a seed or germ 
may be bo affected by desiccation and other e an sea ns prac¬ 
tically to prevent contact between it and the surrounding 
liquid. The body of a germ, moreover, may be so indu¬ 
rated by time and dryness im to resist powerfully the insinu¬ 
ation of water between its constituent molecules. It would 
bo dirtkuit to cause such a germ to imbibe thu moisture nec¬ 
essary to produce the swelling and softening which precede 
its destruction in a liquid of high temperature. 

However this may bo—whatever he the state of tin* sur¬ 
face, or of the body, of the spores of Ikieiilus auhtilia, 
they do aa & matter of certainty resist, under some cir¬ 
cumstances, exposure for hours to the heat of boiling 
water. No theoretic scepticism can successfully stand in 
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vegetable. Ho long m the liquid contains living bacteria 
a speck of it com mu moated either to the clear mineral 
solution, or to the clear turnip infusion, produces in 
twenty-four hour* the effect here dcsenU'd. 

We now vary the experiment thus: Opening the back¬ 
door of another cloned chamber which has contained for 
montliH the pure mineral solution and the pure turnip in¬ 
fusion aide by side, 1 drop into each of them a small pinoh 
of laboratory dual. The tdTcd here i« tardier than when 
the apeak of putrid liquid wan employed. In three days, 
however, after its infection with the dust, the turnip in¬ 
fusion is muddy, and swarming m before with bacteria. 
But what about the mineral solution whieh, in our first 
experiment, behaved in a manner indistinguishable from 
the turnip*juice V At the end of three days there is not 
a bacterium to be found in it. At the end of three weeks 
it in equally innocent of bacteria! life, We may repeat 
the experiment with the solution and tin' infusion a hun¬ 
dred times with the same invariable result. Always in 
the o&tte of the latter the wowing of the atmospheric dust 
yields ft crop of haute rift—never in the former does the 
dry germinal matter kindle into active life.* What is the 
inference whieh the relleeting mind must draw from this 
experiment V Ih it not as clear tut day that while both 
liquids are able to feed the bacteria, ami to enable them 
to increase and multiply, after thry have hem onrt t fully 
developed only one of the liquids is able to develop into 
active bacteria the germinal dust of the air ? 

X invite my friend to reflect upon this conclusion; he 

1 TMs It the deportment of tho mineral wolutlim m dounUmd t>y othow. 
My own experiment* would lend mo to my tb*l the dmub’iutieut of the bec« 
terin, though exceedingly tbw end difficult, I* nut ln»i».»MiW». 
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will, X think, see that there is no escape from it. He may, 
if he prefers, hold the opinion, which I consider errone¬ 
ous, that bacteria exist in the air, not as germs but as 
desiccated organisms. The inference remains, that while 
the one liquid is able to force the passage from the inac¬ 
tive to the active state, the other is not. 

But this is not at all the inference which has been 
drawn from experiments with the mineral solution. See¬ 
ing its ability to nourish bacteria when once inoculated 
with the living active organism, and observing that no 
bacteria appeared in the solution after long exposure to 
the air, the inference was drawn that neither bacteria nor 
their germs existed in the air. Throughout Germany the 
ablest literature of the subject, even that opposed to liotc- 
rogeny, is inf coted with this error; whilo hetcrogenists at 
home and abroad have based upon it a triumphant demon¬ 
stration of their doctrine. It is proved, they say, by the 
deportment of the mineral solution that neither bacteria 
nor their germs oxist in the air; hence, if, on exposing 
a thoroughly sterilised turnip infusion to the air, bacteria 
appear, they must of necessity havo been spontaneously 
generated. In the words of I)r. Bastian: “Wc can only 
infer that whilo the boiled saline solution is quite inca¬ 
pable of engendering bacteria, such organisms are able to 
arise de novo in the boiled organic infusion.” 1 

I would ask my ominent colleague what he thinks of 
this reasoning now? The datum is—“A mineral solution 
exposed to common air does not develop bacteria”; the 
inference is—“Therefore if a turnip infusion similarly ex¬ 
posed develop bacteria, they must be spontaneously gen- 

> ♦‘Proooodtngs of tho Royal Rocioty,” vol. xxi. p. ISO. 



orated” The inference, on the face of it, in an unww- 

ranted cm©. But while iih matter of logic it is inconclusive, 
an matter of foot it is chimerical. JBomUm air is aa surely 
charged with the germs of Bacteria ns I#ondon chimneys 
arts with smoke. The inference just referred to is com¬ 
pletely disposed of By the simple question: “Why, when 
your Hteriliwd organic infusion is exposed to optically 
pure air, should this generation of life dn navo utterly 
cease? Why should I Be aid© to preserve my turnip-juice 
aide by side with your saline solution for the three hun¬ 
dred and sixty-five days of the year, in free connection 
with the general atmosphere, on the sole condition that 
the portion of that atmosphere in contact with the juice 
shall Iks visibly free from floating dust, while three days’ 
exposure to that dust tills it with Bacteria?” Am l over- 
sanguine in hoping that m regards the argument here set 
forth ho who runs may read, and he who reads may under¬ 
stand? 

Wo now proceed to tho calm and thorough considera¬ 
tion of another subject, more important if possible than 
the foregoing one, But like it somewhufc diilicutt to seize 
by reason of the vary opulence of the phraseology, logical 
and rhetorical, in which it has been set forth. The sub¬ 
ject now to be considered relates to what has been called 
“the death-point of bacteria, ,? Tlumc who happen to be 
acquainted with the modern English literature of the ques¬ 
tion will remember how challenge after challenge has Imen 
issued to panspermatiats in general, and to one or two 
home workers in particular, to come to close quarters on 
this cardinal point It in obviously the stronghold of the 
English heterogeniat “Water,” he says, “is boiling mer¬ 
rily over a fire when some luckless person upsets the vus* 
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sel so that the heated fluid exercises its scathing influence 
upon an uncovered portion of the body—hand, arm, or 
face. Here, at all events, there is no room for doubt. 
Boiling water unquestionably exercises a most pernicious 
and rapidly destructive effect upon the living matter of 
which we are composed.” 1 And lest it should be sup¬ 
posed that it is the high organization which, in this case, 
renders the body susceptible to heat, he refers to the ac¬ 
tion of boiling water on the hen’s egg to dissipate the 
notion. “The conclusion,” ho says, “would seem to force 
itsolf upon us that there is something intrinsically delete¬ 
rious in the action of boiling water upon living matter— 
whether this matter bo of high or of low organization.” * 
Again, at another place: “It has been shown that tho 
briefest exposure to tho influence of boiling water is de¬ 
structive of all living mattor.” 8 

The experiments already recorded plainly show that 
there is a marked difference between the dry bacterial 
matter of the air, and the wot, soft, and active bacteria 
of putrefying organic liquids. The one can be luxuriantly 
brod in tho saline solution, the others refuse to be born 
thore, while both of them are copiously developed in a 
sterilized turnip infusion. Inferences, as we have already 
seen, founded on tho deportment of the one liquid cannot 
with the warrant of scientific logio be extended to the 
other. But this is exactly what the heterogenist has 
done, thus repeating as regards the death-point of bacteria 
the error into which he fell concerning the germs of the 
air. Let us boil our muddy mineral solution with its 
swarming bactoria for five minutes. In the soft suoculent 
condition in which they exist in the solution not one of 


* Uaatiun, “Evolution,” p. 133. 


* Ibid., p. 136. 


8 Ibid., p. 46. 
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them escapei destruction. The »m« is true of the turnip 
infusion if it he inoculated with the living bacteria only 
—the aerial dust being carefully excluded. In both oases 
the dead organisms sink to the bottom of the liquid, and 
without roinoculatum no fresh organisms will arise. But 
the case is entirely different when we inoculate our tur* 
nip infusion with the desiccated germinal matter afloat in 
the air. 

The 14 death* point” of bacteria in the maximum tem¬ 
perature at which they o&n live, or the minimum tempera¬ 
ture at which they oewo to live. If, for example, they 
survive a temperature of HO", and do not survive a tem¬ 
perature of IfK)”, the death-point lies somewhere between 
these two temperatures. Vaccine lymph, for example, is 
proved by Mwm. Br&idwood and Vncher to bo deprived 
of its power of infection by brio? cxj«murc te a tempera¬ 
ture between 140° and 150“ Fahr, This may he regarded 
aa the death-point of the lymph, or rather of the particles 
diffused in the lymph, which constitute the real conta* 
gium. II no time, however, Iks named for the application 
of the heat, the term 4 ‘death-point” is a vague one, An 
infusion, lor example, which will resist five hours’ con¬ 
tinuous exposure to the boiling temperature, will succumb 
to five days' exposure to a temperature fHT Fahr. below 
that of boiling. The fully developed soft bacteria of 
putrefying liquids are not only killed by live minutes' 
boiling, but by lew than a single minute'* Iku ling—in¬ 
deed, they are slain at about the name temperature as the 
▼aooine. The name is true of the plastic, active bacteria 
of the turnip infusion. * 

1 la my paper la Urn 'TbllosophloiU Transaction*” lor istfi, I pointed oul 
and Uluitmied tee difference, m regard* rapidity df deveiopmont 
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But, instead of choosing a putrefying liquid for inocu¬ 
lation, let us prepare and employ our inoculating sub¬ 
stance in the following simple way: Let a small wisp of 
bay, desiccated by age, be washed in a glass of water, and 
let a perfectly sterilized turnip infusion be inoculated with 
the washing liquid. After three hours’ continuous boil¬ 
ing the infusion thus infected will often develop luxuri¬ 
ant bacterial life. Precisely the same occurs if a turnip 
infusion be prepared in an atmosphere well charged with 
desiccated hay-germs. The infusion in this case infects 
itself without special inoculation, and its subsequent re¬ 
sistance to sterilization is often very great. On the 1st 
of March last I purposely infected the air of our labora¬ 
tory with the germinal dust of a sapless Mnd of hay mown 
in 1875. Ten groups of flasks were charged with turnip 
infusion prepared in the infected laboratory, and were after¬ 
ward subjected to the boiling temperature for periods vary¬ 
ing from 15 minutes to 240 minutes. Out of the ten 
groups only one was sterilized—that, namely, which had 
been boiled for four hours. Every flask of the nine 
’ groups which had been boiled for 15, 80, 45, 60, 75, 90, 
105, 120, and 180 minutes respectively, bred organisms 
afterward. The same is true of other vegetable infusions. 
On the 28th of February last, for example, I boiled six 
flasks, containing cucumber infusion prepared in an in¬ 
fected atmosphere, for periods of 15, 80, 45, 60, 120, and 
180 minutes. Every flask of the group subsequently .de¬ 
veloped organisms. On the same day, in the case of three 


between water-germs and air-germs; the growth from the already softened 
water-germs proving to he practically as rapid as from developed bacteria. This 
preparedness of the germ for rapid development is associated with its prepared¬ 
ness for rapid destruction. 
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flasks, the boiling wp prolonged to 240, 800, and 880 min- 
utee; and those three flasks were completely sterilised. 
Animal infusions, which under ordinary circumstances are 
rendered infallibly l®m*n by live minutes’ ladling, behave 
like the vegetable infusions in an atmosphere infected with 
hay-germs. On the 80lb of March, for example, live flasks 
worn- charged with a clear infusion of land and boiled for 
m minutes, 120 minutes, lbt> minutes, 240 minutes, and 800 
minute respectively. Every one of them Woame subse¬ 
quently crowded with organisms, ami the name hapjmnod 
to a perfectly pellucid mutton infusion prepared at the 
tame time. Tim oases are to bo numbered by hundreds 
in which similar powers of resistance were man dented by 
infusions of the moat diverse kinds. 

In tbs presence of inch facte I would ask my colleague 
wlmtbur it in nemwary to dwell for a single instant on the 
onu-sidedness of the eviilcnco which loti to the conclusion 
that ail living maltor has its life destroyed by “the brief¬ 
est exposure to the influence of Wiling water/' An in* 
fusion proved to bo barren by six mouths' ex|K>suro to 
motelotui air maintained at a temperature of PO ‘ Eahr., when 
inoculated with full-grown active bacteria ‘Jills itself in 
two day« with organisms so sensitive m to W killed by a 
few minutes' exposure to a kmipemtur© much Wlow that 
of Wiling water. But the ex tension of thin result to the 
deateoatod germinal matter of the air ii without warrant or 
justification. Tina is obvious without going beyond the 
argument itself. But wo have gone fur beyond thu argu¬ 
ment, and proved, by multiplied experiment, the allowed 
destruction of all living matter by the briefest ex jmi.hu re to 
the influenoe of Wiling water to be a delusion, The whole 
logical edifice raised upon this basis falls therefore to the 
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rand; and the argument that bacteria and their germs, 
ng destroyed at 140°, must, if they appear after ex- 
sure to 212°, be spontaneously generated, is, I trust, 
meed forever. 

Through the precautions, variations, and repetitions 
served and executed with the view of rendering its 
alts secure, the separate vessels employed in this in- 
ry have mounted up in two years to nearly ten thou- 
id. 

Besides the philosophic interest attaching to the prob- 
i of life’s origin, which will be always immense, there 
the practical interests involved in the application of 
i doctrines here discussed to surgery and medicine, 
e antiseptic system, at which I have already glanced, 
Lstratea the manner in which. beneficent results of the 
vest moment follow in the wake of clear theoretic in- 
ht. Surgery was once a noble art; it is now, as well, 
Loble soience. Prior to the introduction of the antisep- 
system, the thoughtful surgeon could not have failed 
learn empirically that there was something in the air 
ich often defeated the most consummate operative skill, 
at something the antiseptio treatment destroys or ren- 
s innocuous. At King’s College Mr. Lister operates 
l dresses while a fine shower of mixed carbolic acid 
l water, produoed in the simplest manner, falls upon 
wound, the lint and gauze employed in the subse- 
mt dressing being duly saturated with the antiseptic. 
St. Bartholomew’s Mr. Callender employs the dilute 
bolie acid without the spray; but, as regards the real 
nt aimed at—the preventing of the wound from becom- 
■ a nidus for the propagation of septic bacteria—the 
,otice in both hospitals is the same. Commending it- 
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«el! sut it doe* to the acientiflrally trained mind, the anti- 
wptio *y*tom baa struck dmsp root m Germany. 

Mini apace allowed, it wtuihi lift vii given me plewiure 
to point out the premrnt poatUoa of the "germ theory" in 
reference to the phenomena of mfoolioua diseiw, ciiatin- 
guinhiug argutnout* hamul on analogy— .which, however, 
we terribly strong—-from thoae bawd on actual observa¬ 
tion. I should have liked to follow up the account I 
have already given* of the truly oactdliml researches of 
a young and an unknown Herman phymciim niimwl Koch, 
on Nplenio fever, by an account of what Pasteur luw re* 
centiy done with reference to the same mubjori, Hero wo 
havo before u« a living ctmUgium of the most deadly 
power, which wo can follow from the beginning to the 
end of it* lifii cycle.* We find it in the blood or spleen 
of a smitten animal in the atate, say, of abort mot'nmh-Hn 
rods. When these rod* art' placed in a nutritive liquid 
on the warm stage of the mteroftoo|w, we mum mm thorn 
lengthening into fUamenta which lie, in some cases, side 
by aide, forming in others graceful loops, or hccoming 
coiled into knot* of a complexity not to 1m unmvtdled, 
W© finally age thoae filament* ruitulving themselves into 
innumerable aporea, each with death potentially housed 
within it, yet not to bo dwbttgtswhtx! microscopically from 
the harmleaa gtrmi of Bacittw tubtilit. The bacterium of 
aplenio fever la called Ifacillm Anthnms, This formula* 
bio organism waa ahown to me by M. Pwstour in Paris 
last July, Hi« recent mventigatmn* regarding the part it 
pkyi pathologically certainly rank among the moat re* 

1 Btvtotr/* Navemtor, ti18; «w «rUeto M P*>r»w*MteU<»th'' 

DftDlnRw mi ftryattate h#4 jkmvtwmly show a what vki" sad paitow-p fun 
aooetnplluh, by Oi*It udaolmte otemtioni, on Uw lift* blumry ut Um aiuswto 
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markable labors of that remarkable man. Observer after 
observer bad strayed and fallen in this land of pitfalls, a 
multitude of opposing conclusions and mutually destruc¬ 
tive theories being the result. In association with a 
younger physiological colleague, M. Joubert, Pasteur 
struck in amid the chaos, and soon reduced it to har¬ 
mony. They proved, among mother things, that in cases 
where previous observers in France had supposed them¬ 
selves to be doaling solely with splenic fever, another 
equally virulent factor was simultaneously active. Splenic 
fever was often overmastered by septicaemia, and results 
due sololy to the latter had been frequently made the 
ground of pathological inferences regarding the character 
and cause of the former. Combining duly the two fac¬ 
tors, all the previous irregularities disappeared, every re¬ 
sult obtained receiving the fullest explanation. On study¬ 
ing the account of this masterly investigation, the words 
wherewith Pasteur himself feelingly alludes to the difficul¬ 
ties and dangers of the experimenter’s art came home to 
me with especial force: “J’ai tant de fois 6prouv£ quo 
dans cet art difficile de 1’experimentation les plus habiles 
bronchcnt 4 chaque pas, et que l’interpretation des faits 
n’est pas moins perilleuse.” 1 


1 “Oomptes-Eendus,” lxxxiil. p. 177. 
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A MAUNKT attracts iron ; hut when we analyze the 
effect we learn that the metal in not only attracted, 
but repelled, the final approach to the magnet ho* 
ing duo to the difference of two unequal and opposing 
iamm, Swinl progress m for the mmt purl typified by 
thin duplex or polar action. Ah a general rub, every ad* 
vanee in balanced by a partial retreat, every amelioration 
in fumomated mow or le» with deterioration. No great 
mechanical improvement, for example, in introduced for 
the biuudit of at abet V at largo that does not hear hardly 
upon individuals, Science, like other things, t« subject to 
the operation of tide polar law, what i« good for it under 
one aspect being bad for it under another. 

Science demands above all things personal earn'entra* 
tion. Its home in the study of the mathematician, the 
quiet laboratory of the experimenter, ami the enhiuet of 
the meditative observer of nature. Different atmoaphoroa 
are required by the man of ttekmae, m such, and the man 
of action. Thus the facilities of social and international 
intercourse, the railway, the telegraph, and the pont-oHloe, 
“which are such undoubted boons to the man of action, re¬ 
act to Rome extent injuriously on the man of science. 

1 Freuldwattal Addrau, dallvwwd Worn the BinttlaKham wid Mldlaad lattt* 
t«te, Ootdbor 1, 181T, with aMMona. 
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Their tendency is to break np that concentrativeness 
which, as I have said, is an absolute necessity to the 
scientific investigator. 

The men who have most profoundly influenced the 
world from the scientific side have habitually sought iso¬ 
lation. Faraday, at a certain period of his career, for¬ 
mally renounced dining out. Darwin lives apart from the 
bustle of the world in his quiet home in Kent. Mayer 
and Joule dealt with the weightiest scientific questions in 
unobtrusive retirement. There is, however, one motive 
power in the world which no man, be he a scientific stu¬ 
dent or otherwise, can afford to treat with indifference; 
and that is the cultivation of right relations with his fel¬ 
low-men—the performance of his duty, not as an isolated 
individual, but as a member of society. It is duty in this 
aspect, overcoming alike the sense of possible danger and 
the desire for repose, that has placed me in your presence 
here to-night. 

To look at his picture as a whole, a painter requires 
distance; and to judge of the total scientific achievement 
of any age, the standpoint of a succeeding age is desir¬ 
able. "We may, however, transport ourselves in idea into 
the future, and thus survey with more or less complete¬ 
ness the science of our time. We sometimes hear it de¬ 
cried, and contrasted to its disadvantage with the science 
of other times. I do not think that this will be the ver¬ 
dict of posterity. I think, on the contrary, that posterity 
will acknowledge that in the history of science no higher 
samples of intellectual conquest are recorded than those 
which this age has made its own. One of the most salient 
of these I propose, with your permission, to make the sub¬ 
ject of our consideration during the coming hour. 
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It ia now generally admitted that the man of to-day is 
the child and product of incalculable antecedent time, 
Ilia physical and intellectual texture have been woven 
for him during hi*s passage through phases of hiatory and 
forma of existence which lead the mind back to an abys¬ 
mal past. One of the qualities which he ha* derived from 
that pant is the yearning to let in the light of principles 
on the otherwise bewildering flux of phenomena. He has 
been described by the German LiohtenWrg as “da® rast* 
lose Urmchentliior*'—the mallow cause •f»et?k mg animal—in 
whom faote excite a kind of hunger to know the sources 
from which they spring. Never* I venture to say, in the 
history of the world has this longing been more liberally 
responded to, both among men of science and the general 
public, than during the last thirty or forty years, I nay 
“the general public,*' because it is a feature of our time 
that the man of science no longer limits his labors to the 
society of his colleagues and his peers, but shares, as far 
as it is possible to share, with the world at large the 
fruits of inquiry. 

The celebrated Robert Hoyle regarded the universe as 

a machine*, Mr. Carlyle prefers regarding it as a tree. He 
loves the image of the umbrageous Igdmsil better than 
that of the Btrasburg clock. A machine may be defined 
as an organism with life and direction outside; a tree may 
be defined as an organism with life and direction within, 
In the light of these definitions, I dose with the concep¬ 
tion. of Carlyle, The order and energy of the universe 
X hold to bo inherent, and not imposed from without, 
the expression of fixed law and not of arbitrary will, 
axeaxdfted by what Carlyle would call an Almighty 
Olockmakw, But the two conceptions are not «o much 
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opposed to each other after all. In one fundamental par¬ 
ticular they at all events agree. They equally imply the 
interdependence and harmonious interaction of parts, and 
the subordination of the individual powers of the universal 
organism to the working of the whole. 

Never were the harmony and interdependence just 
referred to so clearly recognized as now. Our insight 
regarding them is not that vague and general insight to 
which our fathers had attained, and which, in early times, 
was more frequently affirmed by the synthetic poet than 
by the scientific man. The interdependence of our day 
has become quantitative—expressible by numbers—lead¬ 
ing, it must be added, directly into that inexorable reign 
of law which so many gentle people regard with dread. 
In the domain now under review men of science had first 
to work their way from darkness into twilight, and from 
twilight into day. There is no solution of continuity 
in science. It is not given to any man, however en¬ 
dowed, to rise spontaneously into intellectual splendor 
without the parentage of antecedent thought. Great dis¬ 
coveries grow. Here, as in other cases, we have first the 
seed, then the ear, then the full corn in the ear, the last 
member of the series implying the first. Thus, as regards 
the discovery of gravitation with which the name of New¬ 
ton fc is identified, notions more or less clear concerning it 
had entered many minds before Newton’s transcendent 
mathematical genius raised it to the level of a demonstra¬ 
tion. The whole of his deductions, moreover, rested upon 
the inductions of Kepler. Newton shot beyond his pre¬ 
decessors ; but his thoughts were rooted in their thoughts, 
and a just distribution of merit would assign to them a 
fair portion of the honor of discovery. 
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Seientifm theories sometime# float likn rumors ia the 
air Wore they receive a»mjtk'U> expression, The doom 
of u doctrine i« often practically waled, ami the truth of 
outs in often practically accepted, lung prior to the demon- ■ 
stratum of cuttior the error or tlu* truth. Perpetual motion 
wan discarded Indore it was proved to W opposed to natu¬ 
ral law; uml, u* regard# the connection uml interaction of 
natural Corona, iutuiialion* of modern di#e<iverie# are strewn 
through the writing# of Leilmiu, lh»\ In, Hooke, Locke and 
other*. 

Confining onmdvna to recent limen, Hr. Ingltsby has 
pointed out to mo some singularly sagacious remarks bear¬ 
ing u|Hm this question, which were published by an anony¬ 
mous writer in 18‘2< K Roget's |nmetnilio?j wiut conspicuous 
in 1829. Mohr had in I8fi7 ***me deep-lying truth. 

The writings of Kara*lav furnish frequent illustrations of 
his profound ladinf in the unity of nature. “I have 
long,” ho writes in ItvtTi, "held an opinion almost amount¬ 
ing to conviction, in common, i ladieve, with other lovers 
of natural knowledge, that the various forms under which 
the force* of matter are made manifest have turn common 
origin, or, in other words, are no directly related and mu¬ 
tually dependent, that they arc convertible, tot it were, one 
into another, and potwoHH equivalence of power in their 
action,’ 1 Ilia own researches on m ague to - o lee trie i ty, on 
electro-chemistry, and on the u magnetisation of light,” 
h»d him directly to this Indie f. At an early date Mr. Jus* 
tio© Grove made his mark upon this question. Golding, 
though starting from a roetapliyiiiial basis, grasped event- 
wdly the relation between heat and mechanical work, and 
sought to determine it experimentally. And here let me 
say that to him who has only the truth at heart, and who 
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is dealings with scientific history keeps his soul lin¬ 
ed by envy, hatred, or malice, personal or national, 
j r fresh accession to historic knowledge must be wel- 
>. For every new-comer of proved merit, more espe- 
T if that merit should have been previously over- 
id, he makes ready room in his recognition or his 
’ence. But no retrospect of scientific literature has 
at brought to light a claim which can sensibly affect 
positions accorded to two great Path-hewers, as the 
ians call them, whose names in relation to this sub- 
are linked in indissoluble association. These names 
rulius Robert Mayer and James Prescott Joule, 
i his essay on “Circles” Mr. Emerson, if I remember 
>ly, pictured intellectual progress as rhythmic. At a 
i moment knowledge is surrounded by a barrier which 
:s its limit. It gradually gatliors clearness and strength 
by and by some thinker of exceptional power bursts 
carrier and wins a wider circle, within which thought 
more entrenches itself. But the internal force again 
nulates, the new barrier is in its turn broken, and 
mind finds itself surrounded by a still wider horizon. 
$, according to Emorson, knowledge spreads by inter- 
>nt victories instead of progressing at a uniform rate. 
Then Dr. Joule first proved that a weight of one 
d, falling through a height of seven hundred and 
lty-two feet, generated an amount of heat competent 
r arm a pound of water one degree Fahrenheit, and 
in lifting the weight so much heat exactly disap- 
)d, he broke an Emersonian “circle,” releasing by the 
in amount of scientific energy which rapidly overran 
at domain, and embodied itself in the great doctrine 
rn as the “Conservation of Energy.” This doctrine 
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recognizes in the material universe a constant sum of 
power made up of items among which the most Protean 
fluctuations are incessantly going on. It is m if the body 
of Nature were alive, the thrill ami interchange of its en¬ 
ergies resembling those of an organism. The parte of the 
“stupendous whole” shift and change, augment and di¬ 
minish, appear ami disappear, while the total of which 
they are the parte remains quantitatively immutable. Im¬ 
mutable, because when change occurs it is always polar— 
pluH accompanies minus, gam accompanies loss, no item 
varying in the slightest degree without an absolutely equal 
change of Home other item in the opposite direction. 

The aun warms the tropical ocean, converting a portion 
of its liquid into vapor, which rim* in the air and is roeon* 
dermed on mountain heights, returning in rivers to the 
ocean from which it came, Up to the jK>int where oon* 
denaatkm logins, an amount of heat exactly equivalent 
to the molecular work of vaporisation and the mechanical 
work of lifting the Ynpor to the mountain-tops has disap¬ 
pear^. from the universe. What is the gain correspond¬ 
ing to this loss? It will seom when mentioned to lie ex¬ 
pressed in a foreign eurrenoy. The loss is a loss of heat; 
the gain i» a gain of distance, kith as regards manses and 
molecules. Water which was formerly nt the mm*level has 
been lifted to a position from which it can fall; molecules 
which have been looked together as a liquid are now sop 
arate as vapor which can rmxmdenie. After condensation 
gravity comes into effectual play, pulling the showers 
down, upon the hills, and the river* thus created through 
Mr gorge® to the sea. Every raindrop which smites the 
mountain produces its definite amount of heat; every river 



SCIENCE AND MAN 


359 


in its course develops heat by the clash of its cataracts 
and the friction of its bed. In the act of condensation, 
moreover, the molecular work of vaporization is accurately 
reversed. Compare, then, the primitive loss of solar 
warmth with the heat generated by the condensation of 
the vapor, and by the subsequent fall of the water from 
cloud to sea. They are mathematically equal to each 
other. No particle of vapor was formed and lifted with¬ 
out being paid for in the currency of solar heat; no 
particle returns as water to the sea without the exact 
quantitative restitution of that heat. There is nothing 
gratuitous in physical nature, no expenditure without 
equivalent gain, no gain without equivalent expenditure. 
With inexorable constancy the one accompanies the other, 
leaving no nook or crevice between them for spontaneity 
to mingle with the pure and necessary play of natural force. 
Has this uniformity of nature ever been broken? The 
reply is: “Not to the knowledge of science.” 

What has been here stated regarding heat and gravity 
applies to the whole of inorganic nature. Let us take an 
illustration from chemistry. The metal zinc may be burned 
in oxygen, a perfectly definite amount of heat being pro¬ 
duced by the combustion of a given weight of the metal. 
But zinc may also be burned in a liquid which contains 
a supply of oxygen—in water, for example. It does not 
in this case produce flame or fire, but it does produce 
heat which is capable of accurate measurement* But the 
heat of zinc burned in water falls short of that produced 
in pure oxygen, the reason being that to obtain its oxy¬ 
gen from the water the zinc must first dislodge the hy¬ 
drogen. It is in the performance of this molecular work 
that the missing heat is absorbed. Mix the liberated 
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hydrogen with oxygen and cause them to recombine; the 
boat developed is mathenmth'idly equal to the missing heat 
Thus in pulling the oxygen and hydrogen asunder an 
amount o! heat is consumed which is accurately restored 
by their reunion. 

Thin leads up to a few remarks upon thu Voltaic bat¬ 
tery. It is not my design to dwell upon the tecshnieal 
features of this wonderful instrument, but simply, by 
means of it, to show what varying shapes a given amount 
of energy can annuities while mniutaimug unvarying quanti¬ 
tative stability. When that form of power which we call 
an electric current ponses through OroYc’s battery, einc is 
consumed in acidulated water; and in the battery we are 
able «o to arrange matter* that whim no current passes no 
nine shall be consumed. Now the current, whatever it 
may be, possesses the power of generating heat outside 
the battery. Wo turn fuse with it iridium, the most re¬ 
fractory of metals, or wo can produce with it the darling 
eleotrio light, ami that at any terrestrial distance from the 
battery itself. 

We will now, hov, aver, content ourselves with causing 
the current to raise a given length of platinum wire, first 
to a blood heat, then to redness, and finally to a white 
heat The heat under these circumstances generated in 
the battery by the combustion of a fixed quantity of zino 
is no longer constant, but it varies inversely as the boat 
generated outside. If the outside heat be nil, the inside 
heat is a maximum; if the external wire be raised to a 
blood-heat, the internal heat falls slightly short of the 
maximum* If the wire be rendered red-hot, the quantity 
of misting heat within the battery is greater, and if the 
external wire be rendered white-hot, the defect is greater 



SCIENCE AND MAN 


361 


11. Add together the internal and external heat pro- 
ced by the combustion of a given weight of zinc, and 
u have an absolutely constant total. The heat gen- 
ited without is so much lost within, the heat generated 
thin is so much lost without, the polar changes already 
verted to coming here conspicuously into play. Thus 
a variety of ways we can distribute the items of a never- 
rying sum, but even the subtle agency of the electric 
rrent places no creativo power in our hands. 

Instead of generating external heat, wo may cause the 
rrent to offoct chemical decomposition at a distance from 
> battery. Let it, for example, decompose water into 
ygen and hydrogen. The heat generated in the battery 
der those circumstances by the combustion of a given 
ight of zinc falls short of what is produced when there 
no decomposition. How far short? The question ad* 
ts of a perfectly exact answer. When the oxygen and 
drogen recombine, the heat absorbed in the decomposi- 
n is accurately restored, and it is oxactly equal in 
ount to that missing in, the battery. We may, if we 
e, bottle up the gases, carry in this form the heat of the 
ttery to the polar regions, and liberate it there. The 
btery, in fact, is a hearth on which fuel is consumed; 
t the heat of the combustion, instead of being confined 
the usual manner to the hearth itself, may bo first lib- 
ded at the other side of the world. 

And here we are able to solve an enigma which long 
rplexod scientific men, and which could not be solved 
til the bearing of the mechanical theory of heat upon 
i phenomena of the Voltaic battery was understood. 
ie puzzle was, that a single cell could not decompose 
ter. The reason is now plain enough. The solution 
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of an equivalent of sino in a single cell develops not 
much more than half the amount of heat required to de¬ 
compose an equivalent of water, ami the single ceil can¬ 
not cede an amount of force which it down not possess. 
But by forming a battery of two colb instead of one, 
we develop an amount of bent slightly in excess of 
that needed for the decomposition of the water. The 
two-ceiled battery is therefore rich enough to pay for 
that decomposition, and to maintain the excess referred 
to within its own colls. 

Similar reflection# apply to the thermo electric pile, 
an instrument usually compound of small bars of bismuth 
and antimony soldered alternately together. The elec trio 
currant is here evoked by warming the soldered junctions 
of on© face of the pile. Like the Voltaic current, the 
thermo-electric current mn heat wires, produce decom¬ 
position, magnetism iron, and deflect a magnetic noodle at 
any distance from its origin. You will bo disposed, and 
rightly disposed, to refer those distant muiiifoHtaricms of 
power to die boat communicated to the face of the pile, 
but tii© oaa© is worthy of closer examination. In 1826 
Thomas Soebeok discovered thermo-electricity, and six 
years subsequently Peltier made an observation which 
cornea with singular felicity to our aid in determining the 
material used up in the formation of the thermo-eleotrio 
current. He found that when a weak extraneoui current 
was sent from antimony to bismuth the junction of the 
two metals waa always heated, hut that whoa the direc¬ 
tion waa from biamuth to antimony the junction waa 
chilled. Now the current in the thermo-pile itself is al¬ 
ways from biamuth to antimony, nomas the heated junc¬ 
tion—a direction in which it cannot possibly establish itself 
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without consuming the heat imparted to the junction. 
This heat is the nutriment of the current. Thus the heat 
generated by the thermo-current in a distant wire is simply 
that originally imparted to the pile, which has boon first 
transmuted into electricity, and then rotransmuted into its 
first form at a distance from its origin. As water in a 
state of vapor pasHos from a boiler to a distant condenser, 
and there assumes its primitive form without gain or loss, 
so the heat communicated to the thcrmo-pilo distils into 
the subtier electric current, which is, as it were, reoon- 
donsed into heat in the distant platinum wire. 

In my youth I thought an elecLro-magnetic engine 
which was shown to mo a veritable perpetual motion—a 
machine, that is to say, which performed work without tho 
expenditure of power. Lot us consider tho action of such 
a machine. Suppose it to be employed to pump water 
from a lower to a higher level. On examining the battery 
which works the engine we find that the asino consumed 
does not yield its full amount of boat. Tho quantity of 
heat thus missing within is tho exact thermal equivalent 
of tho mechanical work performed without. Let the water 
fall again to the lower level; it is warmed by tho Call. 
Add the heat thus produced to that generated by the fric¬ 
tion, mechanical and magnotical, of the engine; we thus 
obtain the precise amount of heat missing in the battery. 
All tho effects obtained from tho machine are thus strictly 
paid for; this “payment for results” being, I would re¬ 
peat, tho inexorable method of nature. 

Ho engine, however subtly devised, can evade ibis 
law of equivalence, or perform on its own account tho 
smallest modicum of work, Tho machine distributes, but 
it cannot create. Is the animal body, then, to bo classed 
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among machines? When I lift a weight, or throw a stone, 
or climb u mountain, ur wrestle with my comrade, am I 
not conscious of actually creating and expending force? 
Lot uk look at the antecedents of this force. We derive 
the muscle and fat of our bodies from what wo oat. Ani* 
mid heat you know to he due l<» the slow combustion of 
ibis fuel. My arm is now inactive, ami the ordinary alow 
combustion of my blood and tissue is g«ung on, For every 
grain of fuel thus burned a perfectly definite amount of 
boat ban boon produced. I now contract my biceps muscle 
without causing it to perform external work. The com- 
buitkm is quickened, and the heat is increu>ed; this addi- 
tional heat being liberated in the muscle itself. I lay hold 
of a M4b, weight, and by the contraction of my biceps 
lift it through the vertical apace of a foot. The blood and 
tissue consumed during this contraction have not devel¬ 
oped in the muaulo their due amount of heat. A quantity 
of heat is at this moment missing in my muscle which 
would raise the temperature of an ounce of water some* 
what more than one degree Fahrenheit, I liberate the 
weights It falls to the earth, arid by its collision generates 
the precise amount of heat mi wing in the muscle, My 
musoular heat in thus transferred from its local hearth to 
external space. The fuel is consumed m my body, but 
the heat of combustion is produced outside my body. 
The case is substantially the same as that of the Voltaic 
battery when it performs external work, or produces ex* 
temal heat All this points to the conclusion that the 
force we employ in muscular exertion is the force of burn¬ 
ing fuel and. not of creative will. In the light of these 
toots the body is seen to be as incapable of generating 
energy without expenditure, as the solid* and liquids of 
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ihe Voltaic battery. The body, in other words, falls into 
he category of machines. 

"We can do with the body all that we have already 
lone with the battery—heat platinum wires, decompose 
vater, magnetize iron, and deflect a magnetic needle. 
Clio combustion of muscle may be made to produce all 
hesc effects, as the combustion of zinc may be caused to 
iroduce them. By turning the handle of a magneto-elec- 
;rio machiiio a coil of wire may be caused to rotate bo- 
,weon the poles of a magnet. As long as the two ends of 
ihe coil are unconnected we have simply to overcome the 
jrdinary inertia, and friction of the machine in turning the 
landlo. But the moment the two ends of the coil are 
mited by a thin platinum wire a sudden addition of labor 
s thrown upon the turning arm. When the necessary 
abor is expended, its equivalent immediately appears. 
Che platinum wire glows. You can readily maintain it 
it a white heat, or even fuse it. This is a very remark- 
ihle result. From the muscles of the arm, with a temper- 
ituro of 100°, wo extract the temperature of molten plati- 
mtn, which is nearly four thousand degrees. The miracle 
lere is the reverse of that of the burning bush mentioned 
n Exodus. There the bush burned, but was not con¬ 
sumed: hore the body is consumed, but does not burn. 
I 1 ho similarity of the action with that of the Voltaic bat- 
;ory when it heats an external wire is too obvious to need 
pointing out. When the machine is used to decompose 
vater, the heat of the muscle, like that of the battery, is 
xmsumod in molecular work, being fully restored when 
;ho gases recombine. As before, also, the transmuted heat 
:>£ the muscles may be bottled up, carried to tho polar re¬ 
gions, and there restored to its pristine form. 
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The matter of the human body is the mum at that of 
the world around us; ami hero wo find the forces of the 
human body identical with thorns of inorganic nature* Just 
as little at the Voltaic battery in the animal hotly a ore* 
ator of force. It is an apparatus exquisite and effectual 
beyond all others in transforming and distributing the 
energy with which it is supplied, but it }h messes no crea¬ 
tive power. Compared with the notions previously enter* 
tained regarding the play of “vital force “ this is a great 
result. The problem of vital dynamics has been described 
by a competent authority as “the grandest of all.*' I sub* 
scribe to tills opinion, and honor correspondingly the man 
who first successfully grappled with the problem. He was 
no pope, in the sonae of being infallible, but ho wu a 
man of genian whose work will be hold in honor as long 
as science endures. I have already named him in connec¬ 
tion with our illustrious countryman, Dr. Joule, Other 
eminent men took up this subject subsequently and indo« 
pendently, but all that has been done hitherto enhances 
instead of diminishing die merits of Dr. Mayer. 

Consider the vigor of his masoning. “Beyond the 
power of generating internal boat, the animal organism 
can generate heat external to itself. A blacksmith by 
hammering can warn a nail, and a savage by friction can 
heat wood to its point of ignition. Unless, then, we ahan* 
don the physiological axiom that the animal body cannot 
create heat out of nothing, we are driven to the conclu¬ 
sion that U is ih* total Aaof, within and without^ that ought 
to b$ regarded as the rmd ealotifio qffect of the tmidaUm 
wOhk t (hs 4ocfy. n Mayer, however, not only states the 
principle, hut illustrates numerically the transfer of mus¬ 
cular heat to external space, A bowler who imparts a 
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>city of 30 feet to an 8-lb. ball consumes in the act tV 
< grain of carbon. The heat of the muscle is here dis- 
uted oyer the track of the ball, being developed there 
mechanical friction. A man weighing 150 lbs. con¬ 
ies in lifting his own body to a height of 8 feet the 
t of a grain of carbon. Jumping from this height the 
t is restored. The consumption of 2 oz. 4 drs. 20 grs. 
sarbon would placo the same man on the summit of a 
mtain 10,000 feet high. In descending the mountain 
amount of heat equal to that producod by the combus- 
l of the foregoing amount of carbon is restored. The 
3cloa of a laborer whose weight is 150 lbs. weigh 04 
'When dried they are reduced to 15 lbs. Were the 
dation corresponding to a day-laboror’s ordinary work 
rted on the muscles alone, they would be wholly con- 
led in 80 days. Were the 'oxidation necessary to sus- 
l the heart’s action concentrated on the heart itself, it 
ild be consumed in 8 days. And if we confine our 
>ntion to the two ventricles, their action would con- 
le the associated muscular tissue in 8% days. With a 
loss and precision of which this is but a sample did 
per, between 1842 and 1845, doal with the great ques- 
l of vital dynamics. 

In direct opposition, moreover, to the foremost soien- 
> authorities of that day, with Liebig at their head, 
i solitary Heilbronn worker was led by his calculations 
naintain that the musclos, in the main, played the part 
machinery, converting the fat, which had been previ- 
ly considered a mere heat-producer, into the motive 
irer of the organism. Mayer’s prevision has been jus- 
ad by events, for the scientific world is now upon his 
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We piruie, then, food in our stomach* as ro much com* 
huHtihlti mutter. It m first dissolved by purely chemical 
prouetuuM, anti the nutritive fluid in pmirtnl into the blood. 
Here it cornea into ooutnat with ntmonpherio oxygen ad* 
mrtted by the lunge. It uni tea with the oxygen an wood 
or coal might unite with it in a furnace. The matter* 
products of the union, if I may use tlm term, are the 
aumo in Imth oahou; via., carbonic acid ami water. The 
force-product* am alao tlio aamo™ heat within tlm body, or 
heat and work outmde the Iwwly. Thun far every action 
of the organism belong* to the domain either of physics 
or of chemistry. But you me contract the muscle of 
my arm. What enabled me to do m V Wuh it or was it 
not the direct action of my will ? The answer ia, the ao* 
tion of the will it mediate, not direct. Over and above 
the muscles the human organism in provided with long 
whitish filaments of rmnlullary mutter, which issue from 
the spinal column, being commoted by it cm the one aide 
with the brain, and on the other aide toning themselves in 
the mutual©*. Those filaments or cords are the noma, 
which you know aw divided into two kinds, smmor and 
motor, or, If you like the terms better, afferent and ©Iter* 
emt nerves, The former carry impressions from the ex* 
ternal world to the brain; the latter convoy the behcHta 
of the brain to the rimed©*. Hern, a* ekewhoro, we find 
ourselves aided by the sagacity of Mayer, who was the 
first clearly to formulate the part played by the nerves in 
the organism. Mayer Raw that neither nerves nor brain, 
Wl both together, possiwed the energy neett»»ry to ant* 
tad motion; but ho also saw that the nervw could lift ft 
latch wd open a door, by which floods of energy are let 
loose. “As an engineer,** ho say* with admirable lucid* 



ityj “by the motion of his finger in opening a valve or 
loosening a detent can liberate an amount of mechanical 
energy almost infinite compared -with its exciting cause; 
so the nerves, acting on the muscles, can unlock an 
amount of power out of all proportion to the work done 
by the nerves themselves.” The nerves, according to 
Mayer, pull the trigger, but the gunpowder which they 
ignite is stored in the muscles. This is the view now 
universally entertained. 

The quickness of thought has passed into a proverb, 
and the notion that any measurable time elapsed between 
the infliction of a wound and the feeling of the injury 
would have been rejected as preposterous thirty years 
ago. Nervous impressions, notwithstanding the results of 
Haller, were thought to be transmitted, if not instan¬ 
taneously, at all events with the rapidity of electricity. 
Hence, when Helmholtz, in 1851, affirmed, as the result 
of experiment, nervous transmission to be a comparatively 
sluggish process, very few believed him. His experiments 
may now be made in the lecture-room. Sound in air 
moves at the rate of' 1,100 feet a second; sound in water 
moves at the rate of 5,000 feet a second; light in ether 
moves at the rate of 186,000 miles a second, and electric¬ 
ity in free wires moves probably at the same rate. But 
the nerves transmit their messages at the rate of only 70 
feet a second, a progress which in these quick times might 
well be regarded as inordinately slow. 

Your townsman, Mr. (lore, has produced by electroly¬ 
sis a kind of antimony which exhibits an action strikingly 
analogous to that of nervous propagation. A rod of this 
antimony is in such a molecular condition that when 
you scratch or heat one end of the rod, the disturbance 
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propagate* itutilf before your eyes to the other end, the 
onward march of the disturbance being announced by the 
development of heat and fumes along the line of propaga¬ 
tion. In Home such way the molecules of the nerves are 
suocosHively overthrown; and if Mr, (lore could only de- 
vino Home means of winding up Ida exhausted antimony, 
an the nutritive blood winds up exhausted nerves, the 
oompariaon would bo complete. The mihjtwi may be 
Hummed up, m Du Boin-Reymond baa Hummed it up, by 
reference to the ©w© of a whale struck by a harpoon in 
the toil. If the animal were 7b feet long, n second would 
©lapia before the diaturlwuiee could reach the bruin. But 
the impression after its arrival has to diffuse itself and 
throw tit© brain into the molecular condition ntamaKury to 
oonMiouamesit. Then, and not till thou, the command to 
the tail to defend itself in shot through tlm motor norm, 
Another second must elapse before the command can 
reach the tail, no that more than two seconds transpire 
between the Infliction of the wound and the muscular 
response of the part wounded. The interval required for 
the kindling of consciousness would probably more than 
Bttffl.ce for the detraction of the brain by lightning, or 
oven by a riflo-hullut. Before the organ can arrange it¬ 
self it may, therefore, bo destroyed, and ui each a caw 
wo may safely conclude that death m painless. 

Tim experiences of oommon life supply us with oopi* 
ous instancies of the liberation of rant atoms of muscular 
power by an infinitesimal “priming” of the muscles by 
^he orm, "We all know the effect produced cm a “nea> 
vow*’ Otfanimiion by a slight sound which causes affright 
'Jgn atJri&l wave, the energy of which would not reach a 
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minute fraction of tliat necessary to raise the thousandth 
of a grain through the thousandth of an inch, can throw 
the whole human frame into a powerful mechanical spasm, 
followed by violent respiration and palpitation. The eye, 
of course, may be appealed to as well as the ear. Of this 
the lamented Lange gives the following vivid illustration: 

A merchant sits complacently in his easy-chair, not 
knowing whether smoking, sleeping, newspaper reading, 
or the digestion of food occupies the largest portion of 
his personality. A servant enters the room with a tele¬ 
gram bearing the words, “Antwerp, etc. . . . Jonas and 
Co. have failed.” “Tell James to harness the horses!” 
The servant flies. Up starts the merchant, wide awake; 
makes a dozen paces through the room, descends to the 
counting-house, dictates letters, and forwards despatches. 
He jumps into his carriage, the horses snort, and their 
driver is immediately at the bank, on the Bourse, and 
among his commercial friends. Before an hour has elapsed 
he is again at home, where he throws himself once more 
into his easy-chair with a deep-drawn sigh, “Thank Hod 
I am protected against the worst, and now for further 
reflection.” 

This complex mass of action, emotional, intellectual, 
and mechanical, is evoked by the impact upon the retina 
of the infinitesimal waves of light coming from a few pen- 
611 marks on a bit of paper. ¥e have, as Lange says, 
terror, hope, sensation, calculation, possible ruin, and vic¬ 
tory compressed into a moment. What caused the mer- 
chant to spring out of Ha chair? The contraction of his 
muscles. What made his muscles contract? An impulse 
of the nerves, which lifted the proper latch and liberated 
the muscular power. Whence this impulse? From the 
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centre of th© nervous* system. But how did it originate 
thorn? This it* this critical question, to which mune will 
reply that it had ita origin in tins human soul. 

The aim and effort of acumen m to explain the un. 
known in terms* of the known. Explanation, therefore, 
in conditioned by knowledge, Yon have probably hoard 
tho story of tins German jseiwtiuil, who, in early railway 
days*, watt taken to acts tho performance of a locomotive. 
Ho had never known carriages to bo moved except by 
animal power. Every explanation outside of this oonoep* 
tion lay beyond hi* experience, and could not bti invoked. 
After long reflection therefore, and seeing no |Rj§aibl® 
eacapo from Bus oomdtmom, he exelaimtul confidently to 
hit companion, '* E* m these u doch Pferde dariu aein”— 
There muat be horaea inside. Amuamg m thia looouo* 
tiva theory may ueora, H illuatratoa a deepdying truth. 

With reference to our present question, Homo may be 
disposed to press upon me such considerations at* these! 
Your motor nerves are no many speaking-tubes, tlirough 
which messages are aent from the man to tho world; and 
your tensor nerval ore m many conduits through which 
th© whisper** of tho world arts sent hack to tho man. But 
you have not told u* where m tho man. Who or what 
is it that Benda and receive* thou© mowingt#* through the 
bodily organism ? Do not the phenomena point to the 
existence of a self within the self, which acta tlirough 
the body aa through a skilfully eemstrueted instrument? 
You, picture the muscles a* hearkening to tho command* 
*eat through Hi© motor norve», ami you picture the sensor 
*■***• m the vehicle® of incoming intelligence*, are you 
«et bound to supplement this mechanism by th® awnmp- 
tion of an entity which uaea it? In other words, are you 
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forced l>y your own exposition into the hypothesis of 
eo human soul ? 

Phis is fair reasoning now, and, at a certain stage of the 
Id’s knowledge, it might well have keen deemed con- 
live. Adequate reflection, however, shows that instead 
ntrodueing light into our minds, this hypothesis con- 
irod scientifically increases our darkness. Yoq do not 
his case explain tho unknown in terms of tho known, 
eh, as stated above, is the method of science, hut you 
lain the unknown in terms of the more unknown. 

to mentally visualize this soul as an entity distinct 
a tho body, and tho difficulty immediately appears, 
n tho side of science all that wo are warranted in stat- 
is that the terror, hope, sensation, and calculation of 
go’s merchant are psychical phenomena produced by, 
ssooiatod with, the molecular processes set up by waves 
ight in a previously prepared brain. 

When facts present themselves lot us daro to face them, 
let the man of scionco equally dare to confess igno¬ 
re where it prevails. What then is tho causal conneo- 
, if any, between tho objective and subjective-—be¬ 
en molecular motions and states of consciousness ? My 
ver is: I do not see the connection, nor have I as yet 
anybody who does. It is no explanation to say that 
objective and subjective affects are two sides of one 
the same phenomenon. Why should the phenomenon 
o two sides? This is tho very ooro of the difficulty, 
ire arc plenty of molecular motions which do not ex- 
.t this two-sidedness. Does water think or feel when 
ms into frost-ferns upon a window-pane ? If not, why 
aid the molecular motion of the brain be yoked to this 
iterious companion—consciousness? We can form a 
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coherent picture of the physical prone**©*—the Btirrinj 
of the brain, the thrilling of the n«rvoa, the discharging o, 
the muacles, and all the subsequent moehauical motions 
’of the organism. But wo mu present to o«r minds nc 
picture of the process whereby cottsctmisties* emerges, 
either aa a necessary link or as un accidental by-product 
of this series of actions, Yd it certainly does emerge— 
the prick of a pin suffices u> prove that molecular motion 
can produce consciousness. The reverse process of the 
production of motion by cnnaomustti'a* m equally unpre¬ 
sentable to the mind. We are how, in fact, upon the 
boundary line of the intellect, where the ordinary caiioiiR 
of scionoo fail to extricate us from our difficulties, ff wo 
are true to these ©anons, wo must tinny it* subjective phe- 
nomena aU influence on physical processes. Observation 
proves that they internet, but in pawing from one to the 
other, we meet a blank which nundtaniral deduction in un¬ 
able to fill. Frankly stated, we have here to deal with 
facts almost as difficult to stuaai mentally m the idea of a 
soul. And if you are content to make your “soul" a po¬ 
etic rendering of a phenomenon which refuse# the yoke of 
ordinary physical laws, I, for one, would not object to this 
exercise of ideality. Amid all our speculative uncer¬ 
tainty, however, there is one practical point m clear an 
the day; namely, that the brightness and the useful nun# 
of life, as well as its darkness and disaster, depend to a 
great extent upon our own use or abuse of tins miraculous 
organ. 

Aocustomed as I am to harsh language, I am quite 
prepared to hear my “poetfo nmdariitg” branded as a 
falsehood" and a “fib," The vituperation is unmerited, 
Jor poetry or ideality, and untruth are assuredly very dif* 
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ferenfc things. The one may vivify, while the other hills. 
When St. John extends the notion of a soul to “souls 
washed in the blood of Christ” does he “lib”? Indeed, 
if the appeal to ideality is censurable, Christ himself ought 
not to have escapod censure. Nor did ho escape it. “How 
can this man give us his llesh to oat?” expressed the scep¬ 
tical flouting of unpootio natures. Such are still among 
us. Cardinal Manning would doubtless tell any Protes¬ 
tant who rejects the doctrine of transubstantiation that he 
“libs” away the plain words of bis Saviour when be re¬ 
duces “the Body of the Lord” in the sacrament to a me.ru 
figure of speech. 

Though misuse may render it grotesque or insincere, 
the idealization of ancient conceptions, when done con¬ 
sciously and aboveboard, has, in my opinion, an impor¬ 
tant future. Wo are not radically different from our 
historic ancestors, and any feeling which affected them 
profoundly requires only appropriate clothing to affect 
us. The world will not lightly relinquish its heritage of 
poetic feeling, and metaphysics will bo welcomed when 
it abandons its pretensions to scientific discovery and con¬ 
sents to be ranked as a kind of poetry. “A good sym¬ 
bol,” says Emerson, “is a missionary to persuade thou¬ 
sands. The Vedas, the Edda, the Koran, are each remem¬ 
bered by its happiest figure. There is no more welcome 
gift to men than a new symbol. They assimilate them¬ 
selves to it, deal with it in all ways, and it will last a 
hundred years. Then comes a new genius and brings 
another.” Our ideas of God and the soul are obviously 
subject to this symbolic mutation. They are not now 
what they were a century ago. They will not be a cent¬ 
ury hence what they are now. Such ideas constitute a 
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kind of central energy in the hmtmn Mind, capable, like 
the energy of the physical umverea, of assuming varioua 
shapes and undergoing various transformations. They 
baffle and elude die theological tttrakanm who would carve 
them to dogmatic form*. Tlwy offer themselves freely to 
the poet who umlerataiuU hi* vocation, and whose func¬ 
tion is, or ought to bo, to find “looal habitation” for 
thoughts woven into our subjective life, but which refuse 
to be mechanically defined. 

W© now stand face to face with the final problem. 
It is this; Arc tit© brain, and die moral and Intellectual 
prooossos known to bo aasoaiutad with the bntin—and, as 
far as our experience goes* indissolubly ssaoeiatad-Hiub- 
jeot to the laws which we find paramount in physical nat¬ 
ure? Is the will of man, in oilier words, free, or arc it 
and nature equally “bound fast in fate**? From tlds latter 
conclusion, after be had established it to the entire satis¬ 
faction of his understanding, the great German thinker 
Fichte recoiled. You will find the record of tills struggle 
between head and heart in his book, entitled “Die Bcstirn- 
mung des Menaeh©n f ’~TIie Ymsation of Man.' Fichte 
was determined at all hazards to maintain bis freedom, 
but the price he paid for it indicate* the difficulty of the 
task. To escape from the iron neoeasity ac«n everywhere 
reigning in physical nature, he turned defiantly round 
upon nature and law, and affirmed both of tiieiu to he the 
products of his own mind. He was not going to be the 
slay© of a thing which he had himself created. There is 
a good deal to be said in favor of this view, but few of 

1 Translated Dr. WUttam taUti <d Mtefewfii% Trttw&f, JITI. 



Why do some regard this notion of necessity with ter¬ 
ror, while others do not fear it at all? Has not Carlyle 
somewhere said that a beliof in dostiny is the bias of all 
earnest minds? “It is not Nature,’’ says Fichte, “it is 
Freedom itself, by which the greatest and most terrible 
disorders incident to our race are produced, Man is the 
crudest enemy of man.” But tiro question of moral re¬ 
sponsibility hero emerges, and it is the possible loosening 
of this responsibility that so many of us dread. The no¬ 
tion of necessity certainly failed to frighten Bishop Butler. 
He thought it untrue—even absurd—but ho did not fear 
its practical consequences. He showed, on the contrary, 
in the “Analogy,” that as far as human conduct is con¬ 
cerned, the two theories of free-will and necessity would 
eome to the same in the end. 

What is meant by free-will ? Hoes it imply the power 
of producing events without antecedents ?—of starting, 
as it were, upon a creative tour of occurrences without 
any impulse from within or from without? Lot us con¬ 
sider tho point. If there ho absolutely or relatively no 
reason why a tree should fall, it will not fall; and if there 
be absolutely or relatively no reason why a man should 
act, he will not act. It is true that tho united voice of 
this assembly could not persuade me that I have not, at 
this moment, the power to lift my arm if I wished to do 
so. Within this range the conscious freedom of my will 
cannot be questioned. But what about tiro origin of the 
“wish”? Are we, or are we not, complete masters of 
the oiroumstanoes which create our wishes, motives, and 
tendencies to action? Adequate reflection will, I think, 
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prove that we are not. What, for example, have I had 
to do with the generation and development of that which 
some will consider my total being, and others a most po¬ 
tent factor of my total being—the living, speaking organ¬ 
ism which now addresses yon? As stated at the begin¬ 
ning of this disconrse, my physical and intellectual textures 
were woven for me, not by me. Processes in the conduct 
or regulation of which I had no share have made me what 
I am. Here, surely, if anywhere, we are as clay in the 
hands of the potter. It is the greatest of delusions to 
suppose that we come into this world as sheets of white 
paper on which the age can write anything it likes, mak¬ 
ing us good or bad, noble or mean, as the age pleases. 
The age can stunt, promote, or pervert pre-existent ca¬ 
pacities, but it cannot create them. The worthy Robert 
Owen, who saw in external circumstances the great mold- 
ers of human character, was obliged to supplement his 
doctrine by making the man himself one of the circum¬ 
stances. It is as fatal as it is cowardly to blink facts be¬ 
cause they are not to our taste. How many disorders, 
ghostly and bodily, are transmitted to us by inheritance ? 
In our courts of law, whenever it is a question whether 
a crime has been committed under the influence of insan¬ 
ity, the best guidance the judge and jury can have is de¬ 
rived from the parental antecedents of the accused. If 
among these insanity be exhibited in any marked degree, 
the presumption in the prisoner’s favor is enormously en¬ 
hanced, - because the experience of life has taught both 
judge and jury that insanity is frequently transmitted from 
parent to child. 

I met, some years ago, in a railway carriage the gov¬ 
ernor of one of our largest prisons. He was evidently an 
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servant and reflective man, possessed of wide experi- 
;e gathered in various parts of the world and a thor- 
rh. student of the duties of his vocation. He told me 
,t the prisoners in his charge might he divided into 
ee distinct classes. The first class consisted of persons 
o ought never to have been in prison. External acci- 
lt, and not internal taint, had brought them within the 
,sp of the law, .and what had happened to them might 
)pen to most of us. They were essentially men of 
md moral stamina, though wearing the prison garb, 
en came the largest class, formed of individuals pos- 
aing no strong bias, moral or immoral, plastic to the 
ch of circumstances, which could mold them into either 
>d or evil members of society. Thirdly came a class— 
)pily not a largo one—whom no kindness could con- 
ate and no discipline tame. They were sent into this 
rid labelled “incorrigible, ” wickedness being stamped, 
it were, upon their organizations. It was an unpleas- 
truth, but as a truth it ought' to be faced. For such 
ninals the prison over which he ruled was certainly not 
proper place. If confined at all, their prison should 
on a desert island, where the deadly contagion of their 
imple could not taint the moral air. But the sea itself 
was disposed to regard as a cheap and appropriate sub- 
ute for the island. It seemed to him evident that the 
,te would benefit if prisoners of the first class were lib- 
ed; prisoners of the second class educated; and prison- 
of the third class put compendiously under water. 

It is not, however, from the observation of individuals 
,t the argument against “free-will,” as commonly under¬ 
od, derives its principal force. It is, as already hinted, 
.eflnitely strengthened when extended to the race. Most 
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of you have !wu forced to listen to tho outoriea and de* 
imurmtimis which rung discordant through the land for 
fumiti yawn after the publication of Mr, Darwin’s “Origin 
of SjKKjit's, Well, the world -even the clerical world— 
him for the most part nettle*! down in the belief that Mr. 
Darwin's book simply reflects tho truth of nature: that 
we who are now *'foremost in the files of time” have come 
to the front through almost tmdlca* stages of promotion 
from lower to higher form* of life. 

if to any one of us were given the privilege of looking 
back through the eons neroas whioh life has crept toward 
its present outcome, his vision, according to Darwin, would 
ultimately reiioh a point when the progenitors of thia as* 
aembly could not tm called human. From that humble 
society, through the intoraetion of its members and the 
storing up of their Iwttfc tpmbiiea, a l tetter one emerged; 
from this again a better still; until at length, by the in* 
togrotion of iuttuttostmtil* through ages of amelioratiou, 
we came to lm what we are to tiny* We of this genera* 
tkm had no conscious share in the production of this grand 
and beneficent mult Any nnd every generation which 
preceded us had just m little share. The favored organ* 
isms whoso garnered excellence constitutes our present 
•tore owed their advantages, first, to wlmt wo in our ig¬ 
norance are obliged to call “accidental variation”; and, 
•eoondly, to a law of heredity in the passing of which our 
mffragoa were not oolleotod. With ehumoUirmtia felicity 
and precision Mr, Matthew Arnold lifts this question into 
the free dr of pootry, but not out of tho atmosphere of 
w%th* when ho ascribes tho process of tyuoliomtion to “a 
not ourselves which makes for righteousness.” If, 
dteu, our organisms, with all their tendencies wad capsoi- 
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are given to ns without our being consulted; and if, 
capable of acting within certain limits in accordance 
our wishes, we are not masters of the circumstances 
iich motives and wishes originate; if, finally, our 
os and wishes determine our actions—in what sense 
hoso actions be said to be the result of free-will? 

are, again, wo are confronted with the question of 
responsibility, which, as it has boon much talked 
;ely, it is desirable to moot. With the view of re- 
lg tho fear of our falling back into the condition of 
ape and tiger,” so sedulously oxcited by certain 
s, I proposo to grapple with this question in its 
; form, and in the most uncompromising way. “If,” 
he robber, tho ravislior, or the murderer, “I act bo- 
I must act, what right have you to hold mo respon- 
Cor my deeds?” The reply is, “The right of society 
jteot itself against aggressive and injurious forces, 
er they be bond or free, forces of nature or forces 
n.” “Then,” retorts the criminal, “you punish me 
hat I cannot holp.” “Let it bo granted,” says so- 
“but had you known that tho treadmill or tho gal- 
was certainly in store for you, you might have 
d.’ Let us reason the matter fully and frankly out. 
ray entertain no malice or hatred against you; it is 
h that with a view to our own safety and purifica- 
ve are determined that you and such as you shall 
ljoy liberty of evil action in our midst. You, who 
behaved as a wild beast, we claim the right to cage 
l as we should a wild beast. The public safety is a 
: of more importance than the very limited chanoe 
ur moral renovation, whale the knowledge that you 
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have ton hanged by the neck may furnish to others 
atnmfc to do m you have done the prouine motive which 
will hold thorn back. If your not \m such as to invoke 
« minor penalty, then not only others, but yourself, may 
profit by the punishment which wo inflict, On the homely 
principle* that *«, burned child dread* the fire,* It will make 
you think twice before venturing cm n repotlticm of your 
orimo, Qhnervo, finally, the c«m?wtonoy of our conduct, 
Yon offend, you say, booause you cannot help offending, 
to the puhlio detriment Wo punish, in our reply, because 
w® oftmtot help punishing, for the puhlio good, Freed* 
©ally, then, jut Bishop Butler predicted, wo act as the 
world a©tod when it mipptMtcd the evil deeds of its crim¬ 
inals to he the products of free-will." 4 

"What," I have heard it argued, “in tlm urns of preach* 
ing about duty, if a nmnht predetermined position in the 
moral world renders him incapable of profiting by ad* 
viao?” Who knows that he 1st incapable ? The preach¬ 
er’s hint word k a factor in tint ttum'# eomluet, and it may 
be a most important factor, unltMikiug mural energies which 
might other* urn remain imprisoned awl unuwd If the 
preacher thoroughly fuel that words of enlightenment, 
oourngo, and admonition enter into the list of fora® em¬ 
ployed by Nature horsed f for man'a amelioration, sinoeih® 
gifted man with iipooah, he will suffer no paralysis to fall 
upon hk tongue. Bung tho fig-Iron hopefully, and not 
until its barrenness has bmm demonstrated beyond n doubt 
l@t the wmtono© go forth, “Out it down, why cum bare th it 
the ground?” 

* An Matotftl Ohwreh dignitary demerit*?* ntt n»i unkindly, *w <4 ts*uctt- 

’lent logto.** I think It worthy at M* tlfwVit graver ««US©mUo*i. 
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t remember when a youth in the town of Halifax, some 
-and-thirty years ago, attending a lecture given by a 
.ng man to a small but select audience. The aspect of 
lecturer was earnest and practical, and his voice soon 
jted attention. He spoke of duty, defining it as a debt 
id, and there was a kindling vigor in his words which 
it have strengthened the sense of duty in the minds of 
se who heard him. Ho speculations regarding the free- 
i of the will could alter the fact that the words of that 
.ng man did me good. His name was George Dawson, 
also spoke, if you will allow me to allude to it, of a 
ial subject much discussed at the time—the Chartist 
jeot of “levelling.” Suppose, he says, two men to be 
.al at night, and that one rises at six, while the other 
ips till nine noxt morning, what becomes of your level- 
And in so speaking he made himself the mouth- 
30 of Nature, which, as we have seen, secures advance, 
by the reduction of all to a common level, but by the 
ouragement and conservation of what is best. 

It may be urged that, in dealing as above with my 
>0thotical criminal, I am assuming a state of things 
ght about by the influence of religions which include 
dogmas of theology and the belief in free-will—a state, 
rely, in which a moral majority control and keep in 
> an immoral minority. The heart of man is deceitful 
ve all things, and desperately wicked. Withdraw, then, 
theologic sanctions, including the belief in free-will, 

. the condition of the race will be typified by the sam- 
i of individual wickedness which have been above ad- 
ied. We shall all, that is, become robbers, and rav- 
3rs, and murderers. From much that has been written 
Late it would seem that this astounding inference finds 
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house-room In tunny mi rub. PiHwildy, the people who 
hold Btiuli view* might Iws able to illustrate them by ha. 
dividual instatum*. 

Tiw f*nr i*( wWj», 

Tti k< «*{i Mm* wfwicfi In 

Iit*muv« the fear* and the wretch, following hie natural 
i undue l, may become disorderly; but I refuse to wept 
him a* * sura phi of humanity. 14 L«*t n» «mi iunl drink, for 
to-morrow we «H«" in by no iwwiiw the rtliiunl etmwnpmutse 
of a rejection of dogma, To many *»f you the name of 
George Jacob Uulyo&ke is dmibthrw famduir, and you are 
probably aware that at no mini in England lian the term 
° atheist’* Imm man* fmiuautly jwltod. Thera are, more* 
over, really few who have mom completely Itbiirotad them¬ 
selves from thmdngio notions. Among working tdiwn poli¬ 
ticians Mr. Uniyoake in a lender. Ihs*s he exhort his 
followers to 14 Eat and drink, fur to morrow we diu”? 
Not at>. In the August numU'r of the “Nineteenth Cent¬ 
ury” you will find thaw ward* from his peui “The gospel 
of dirt ht bud enough, but the gtwptd «»f inert* material 
comfort !• much wow®, 1 * II« ooiittitiiptiimwly call* the 
Oomtist championship of the working man, ’’the chain* 
pionship of the trencher,’* He would place “the leanest 
liberty which brought with it the dignity and power of 
self-help” higher than “any prospect of a full plate with* 
out it” Such ts the moral doctrine taught by tins 
“atheistie” kaderi and no Christian, I apprehend, need 
bo ashamed of it 

Mott heartily do I recognise and admire the spiritual 

tadiaBce, if I may use the term, shed by religion on the 
minds and lives of many personally known to mo. At the 
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time I cannot but observe how signally, as regards 
•reduction of anything beautiful, religion fails in other 
. Its professor and defender is sometimes at bottom 
vwler and a clown. Theso differences depend upon 
iry distinctions of character which religion does not 
vo. It may comfort some to know that there are 
>g us many whom the gladiators of the pulpit would 
“atheists” and “materialists,” whoso lives, neverthe- 
as tested by any accessible standard of morality, would 
ast more than favorably with the lives of those who 
to stamp them with this offensive brand. When I 
‘offensive,” I refer simply to the intention of those 
use such terms, and not because atheism or material- 
when compared with many of the notions ventilated 
o columns of religious nowspapors, has any particular 
aiveness for me. If I wished to find men who are 
•ulous in their adherence to engagements, whose words 
heir bond, and to whom moral shiftiness of any kind 
.bjeotively unknown; if I wanted a loving father, a 
:ul husband, an honorable neighbor, and a just citi- 
-I should seek him, and find him among the band of 
fists” to which I refer. I have known some of the 
pronounced among them not only in life, but in 
i—-soon them approaching with open eyes the inex- 
e goal, with no dread of a “hangman's whip,” with, 
tope of a heavenly crown, and still as mindful of 
duties, and as faithful in the discharge of them, 

! their eternal future depended upon their latest 

j. 

i letters addressed to myself, and in utterances ad- 
ed to the publio, Faraday is often referred to as a 
le of the association of religious faith with moral ele- 
SonsHOB—. —3Y 
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vatiun. I wm locally inti matt* with him fur fourteen or 
fifteen years uf my life, ami had Urn* occasion to observe 
how nearly hi* character approached what might, without 
extravagance, lm called perfection, lie was strong but 
gentle, impetuous hut self restrained; n sweet and lofty 
courtesy marked tun dealings with men and women; and 
though he sprang from the body of the people, a nature 
so film might well have been distilled from the flower of 
antecedent chivalry. Nut only in its broader sense was 
the Christian religion mwensary to Faraday's spiritual 
peaae, but in what many would call the narrow sense held 
by thotm dtHttmUed by Faraday himself an "a very small 
and despised sect of Chnstmus, known, if known at all, 
aa Baudemaniana/’ it constituted the light amt comfort of 
hit day*. 

Wore our experience con fined to such cases, it would 
furnish au irresistible argument in favor of the nssomation 
of dogmatic religion with moral puntv ami grace. But, as 
already intimated, our experience m not thus confined. Ia 
further illustration of this point, we may compare with 
'Faraday a philosopher of equal magnitude, whose char* 
aoter, ineluding gentleness and strength, candor and aim* 
plicity, intellectual j«»w«r and moral elevation, singularly 
resembles Unit of the great Bandemautuu, but who has 
neither shared the Umologie views m»r the religions emo* 
tiona which farmed m domitmut a factor in Faraday's life. 
I allude to Mr. Charles Darwin, the Abraham of scientific 
men—a searcher tut obedient to the eommattd of truth aa 
wu the patriarch te the rumttmntl of Cod. I eaniiot there* 
iowh m m many desire, look npjn Faraday’s religious he* 
m the exeiusiv© source of qualities shared so tronspio* 
oouily by on* tmittflueuced by that belief. To a deeper 


ae belonging to human nature in its purer forms I am 
osed to refer the excellence of both. 

Superstition may be defined as constructive religion 
3h has grown incongruous with intelligence. "We may 
it, with Fichte, “that superstition has unquestionably 
itrained its subjects to abandon many pernicious prac- 
5 and to adopt many useful ones”; the real loss accom- 
ying its decay at the present day has boon thus clearly 
xl by the same philosopher: “In so far as those lamon- 
ms do not proceed from the priests themselves—whose 
f at the loss of their dominion over the human mind 
can well understand—but from the politicians, the 
lo matter resolves itself into this, that government has 
©by become more difficult and expensive. The judge 
spared the exercise of his own sagacity and penotra- 
when, by threats of relentless damnation, he could 
pel the aooused to make confession. The evil spirit 
lerly performed without reward services for which in 
' times judges and policemen have to be paid.” 

man ever felt the need of a high and ennobling 
'ion more thoroughly than this powerful and fervid 
her, who, by the way, did not escape the brand of 
ieist.” But Fiohte asserted emphatically the power 
sufficiency of morality in its own sphere. “Let us 
lider," he says, “the highest which man can possess 
;he absence of religion—I mean pure morality. The 
al man obeys the law of duly in his breast absolutely, 
mae it is a law unto Mm; and he does whatever re- 
s itself to him as his duly simply because it is duty, 
not the impudent assertion be repeated that such an 
lienee, without regard for consequences, and without 
re for consequences, is in itself impossible and op- 
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posed to human nature. *' So imicli for Fichte. Faraday 
was equally distinct. "I have no intention," he Bays, “of 
substituting anything for religion, hut l wish to take that 
part of human nature which w independent of it, Moral* 
ity, philosophy, commerce, the various institutions and 
habits of Koi'iuty, are. independent of religion and may ex* 
int without it," These worn the words of his youth, but 
thoy expressed his latest eunvtctmns. I would add that 
thu muse of Timuyium never mu*hod u higher strain than 
when it embodied tint sentiment of dufv tu .Finnic: 

An4, WmiBp right i« right, U* right 

Worn In iho w-iirn «»f w*n»«*{i,nM,*i». 

Wot in thu way atummud by our dogmatic teachers has 
the moral ity of human n a turn been built up. Thu power 
which has molded us thus fur hiw worked with stern tools 
upon a very rigid HtuiF, Wimt it has dune cannot ha so 
readily undone; and it hint endowed mt with moral conati* 
tutions which take pleasure in Urn noble, the beautiful, 
and the true, just an surely iw it has endowed us with 
sentient organisms, which find aloe* hitter and sugar 
sweet 

That power did not work with delusions, nor will it 
stay its hand when such are removed. Facta, rather than 
dogmas, have been its minister* -hunger anti thirst, heat 
and cold, pleasure and pain, fervor, sympathy, aspiration, 
shame, pride, love, hate, terror, awe--mush wore the forces 
whose interaction and adjustment throughout an immeas¬ 
urable past wove the triplex web of man'« physical, in* 
teHeotual, and moral nature, and such are the forces that 
will be effectual to the end. 

Yon may retort that even on my own showing “the 
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ver which makes for righteousness” has dealt in delu- 
ns; for it cannot bo denied that the beliefs of religion, 
lading the dogmas of theology and the freedom of the 
1, hnvo had some effect in molding the moral world, 
anted; but I do not think that this goes to the root of 
i matter. An? you quite sure that those beliefs and 
ypnas are primary, and not derived ?—that they are not 
) products, instead of being the creators, of man’s moral 
Lure V I thinlc it is in one of the Latter-Day Pamphlets 
it Carlyle corrects a reasonor, who deduced the nobility 
man from a belief in heaven, by telling him that he 
ts the cart before the horse, the real truth being that 
) belief in heaven is derived from the nobility of man. 
iC bird’s instinct to weave its nest is referred to by 
icrsori as typical of the force which built cathedrals, 
nples, and pyramids: 

Knowest thou what wove yon woodbird’s nest 
Of louves and feathers from her breast, 

Or how the fish outbuilt its shell, 

Painting with morn each annual cell? 

Such and so grew those holy piles 
Whllo love and terror laid Uie tilos; 

Earth proudly wears the Parthenon 
As the best gem upon her zone; 

And Morning opes with haste her lids 
To gaze upon the Pyramids; 

O’er England's abbeys bonds the Bky 
As on Us friends with kindred eye; 

For out of Thought’s interior sphere 
Those wonders rose to upper air, 

And nature gladly gave them place, 

Adopted them into her raoo, 

And granted them an equal date 
With Andes and with Ararat 
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Surely, many utterances which have been accepted m de¬ 
scriptions ought to be interpreted hh aspiration,-*, or uk hav¬ 
ing their roots in aspiration instead of to objrriive knowl- 
edge. Does the song of the herald angels, "Ulory to Clod 
in the highest, and on earth peace, goodwill toward men,” 
express the exaltation ami the yearning of a human soul? 
or does it describe an optical and acoustical fact a visible 
host and an audible Hung? If the former, the exaltation 
and the yearning are man’s imperishable possession -a fer¬ 
ment long eon lined to individuals, hut which may by and 
by become the leaven of the race. If the latter, then be¬ 
lief in the entire transaction is wrecked by mm fulfilment. 
Look to the Mast at the present moment ns a comment on 
the promise of peace on earth and goodwill toward men. 
That promise is a dream ruined by the experience of nigh- 
teen centuries, and in that ruin is involved the elaim of 
the “heavenly host” to prophetic vision. Hut though the 
mechanical theory proven untenable, the immortal song and 
the feelings it expresses are still ours, to be incorporated, 
let us hope, in purer ami less shadowy forms in the po¬ 
etry, philosophy, and practice of tlm future. 

Thus, following the lead of physical science, we are 
brought without solution of continuity into the presence 
of problems which, as usually classified, lie entirely out¬ 
side the domain of physics. To these problems thoughtful 
and penetrative minds are now applying thorn* methods of 
research which in physical science have proved their truth 
by their fruits. There is on all hands a growing repug¬ 
nance to invoke the supernatural in accounting for the 
phenomena of human life; and the thoughtful minds just 
referred to, finding no trace of evidence in favor of any 
other origin, are driven to seek in the interaction of social 



BVIKNCK AND MAN 


891 


cs the genesis ami development of man’s moral nature, 
liey Hueeeed in their search— and I think they are sure 
urreed soeial duty will he raised to a higher level of 
ilieanee and l-ho deepening sense of social duty will, it 
:> he hoped, lessen, if not obliterate, the strifes and 
■tbuniings whieh nmv heset and disfigure our social 
Toward this grout end it behooves us one and all 
mrk; and devoutly wishing its consummation, I have 
honor, ladies and gentlemen, to bid you a friendly 
well. 


XV 


{‘UnKKHHOit Vtm*ltuw AN I* KVuM'TlnN 

T HIS world of imw has, on the whole, been an in* 
element region for the growth of natural truth; 
but it may he that tin* plant in all tin* hardier for 
the bendings and buffeting* it bus undergone. Tin? tor¬ 
turing of a shrub, within certain limits, strengthens it, 
Through the struggles umi piwmiosw of the brute, man 
reaches his ©statu; through savagery and barbarism his 
uivdmathm; and through illusion umi persecution his 
kumvh'dgo of nature, imdudmg that of his own frame, 
Tito bias tow art 1 natural truth must hiivo boon strong to 
havo withstood and overcome tho opposing forces. Fool¬ 
ing appeured itt lit© world before Knowledge ; and thoughts, 
conceptions, and creeds, founded on eiunium, hud, before 
the dawn of science, token rtmt in man, Suoh thoughts, 
conceptions, and creeds must have mot n drop and general 
want; otherwise their growth could not have horn no lux* 
uriant, nor their abiding power no strong. This general 
neod-this hunger for the ideal and wonderful —led event¬ 
ually to the differentiation of a mate, win me vernation it 
was to eultivato the mystery of life and its surroundings, 
and to give shape, name, and habitation to tho emotions 
which that mystery aroused. Kven tho savage lived, not 
by bread alone, but in a mental world peopled with forms 
answering to bis capacities and needs. As time advanced 
( 802 ) 
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other words, as tho savage opened out into civilized 
—those forms wore puriiiod and ennobled until they 
Lly emerged in the mythology and art of Greece: 

Whom Htill tho magic robo of Poony 
Wound ilmilf lovingly around tho Truth. 1 

\h poets, the priesthood would havo been justified, 
r deities, celestial and otherwise, with all their retinue 
appliaiic.es, being more or less legitimate symbols and 
oniiieations of the aspects of nature and tho phases of 
human soul. Tho priests, however, or thoso among 
u who were mechanics, and not poets, claimed objoc- 
validity for their coneoptions, and tried to base upon 
rnal evidence that which sprang from the innermost 
l and nature of man. It is against this objective ron- 
ng of the emotions—this thrusting into tho region of 
and positive knowledge of conceptions essentially 
1 and poetic—that science, consciously or uncon- 
nsly, wages war. Religious feeling is as much a ver¬ 
ts any other part of human consciousness; and against 
n its subjective side, the waves of science boat in vain, 
when, manipulated by the constructive imagination, 
jd with imperfect or inaccurate historic data, and 
led by misapplied logic, this feeling makes claims 
dt traverse our knowledge of nature, science, as in 
’ bound, stands as a hostile power in its path. It is 
tist the mythologie scenery, if I may use the term, 
ar than against the life and substance of religion, that 
nee enters her protest. Sooner or later among think- 
pooplo, that scenery will he taken for what it is worth 

1 “Da dor Dichlung zauberlBcho lltUle 

Sick uoch lleblloh um die Wakrlxoit wand.”— Schiller. 
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— «ut an effort cm the pari of man to bring the myatery of 
life and natures within tin* range* of bin rapacities; m a 
temporary and cwtentmlly fluximml rendering in terms 
of knowledges of that whirls IraiiHcend* all knowledge, and 
admit* only of ideal approach. 

Tin* mgiw of tin* lime*, f think, point in thin direction, 
It in, for example, tim obviona aim of Mr, Matthew Arnold 
to protect, amid tins wreck of dogma, the poetic basin of 
religion. And it in to be remembered that under this cir- 
cumHtenecu poetry itsuy Iks the purest iieerwdble truth. In 
other influtmtiul quartern a mmilar spirit in at work. In a 
remarkable article published by Professor Knight of St, 
Andrew in the September number of the ** Nineteenth 
Century," amid other free utterance*, we have thin one; 
“If toatter w not eternal, its drat emergence into being 
in a miracle beside which all other* dwindle into absolute 
imugui llcanre. I tut, a* him often l*ern pointed out, the 
procow m unthinkable; the rnnldeu npooulypae of a ma¬ 
terial worhl out of blank nonentity cannot he imagined ; 1 
ita emergence into order out of clmou when * without form 
and void* of life, M merely II ymrtit' rrmirrimj of the thtetriM 
of it* slow evolution." Theae are nil bold word* to ho 
Hpokon before the moral philosophy chut* of a Scutch 
immunity, while tlmne I have underlined show a remark* 
abk freedom of dealing with the altered text. They re¬ 
peat in turner language what I ventured to utter four years 
ago regarding the Book of Ocineaia. *’ Profoundly inter¬ 
eating and indeed pathetic to me are thone attempt* of the 
opening mind of man to appease it* hunger for a Cause, 

1 VfQtmm X&lgbt will tmm to reckon with lh» KngUah Hxrritw* Htmrioft, 
oae of wboi« tMleota bogttui that; **0 God, who by thy mighty jmwM Iswtt 
mad# alt tWnp of aothto|,»* 
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the Book of Genesis lias no voice in scientific ques- 
3 . It is a poem, not a scientific, treatise. In the former 
ct it is forever beautiful; in the latter it has been, 
it will continue to bo, purely obstructive and hurt- 
’ My agreement with Professor Knight extends still 
icr. “Does the vital,” ho asks, “proceed by a still 
itor development from the non-vital? Or was it cre- 
by a Hat of volition ? Or”*—and hero ho emphasizes 
question--“/ma it always existed in some form or other 
■n eternal constituent of the universe ? I do not see,” 
’eplioH, “how wo can escape from the last alternative.” 
h the whole force of xny conviction I say, Nor do I, 
igh our modes of regarding the “eternal constituent” 
not be the same. 

VUen matter was defined by Descartes, he deliberately 
udod the idea of force or motion from its attributes 
from his definition. Extension only was taken into 
unt. And, inasmuch as the impotence of matter to 
jrato motion was assumed, its observed motions were 
rrod to an external cause. God, resident outside of 
;er, gave the impulse. In this connection the argu- 
t in Young’s “Night Thoughts” will occur to most 
ers: 

Who Motion foreign to the smallest grain 
Bhol through vast masses of enormous weight? 

Who hid brute Matter’s restive lump assume 
Buoli various form*, and gave Ik wings to fly? 

inst this notion of Descartes the great deist John To- 
, whose ashes lie unmarked in Putney Churchyard, 
luously contended, He affirmed motion to be an in- 
nt attribute of matter—that no portion of matter was 
eat, and that even the most quiescent solids were ani* 
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mated by a motion of their ultimate particle#, The sue- 
cow of bin contention, according to the learned and labor!. 
oiih l)r. Berthold , 4 entitle?* Tohind to be regarded m the 
founder of that intwixti*' doctrine which in now ho rapidly 
spreading, 

Tt seem# to me that the aim of vitality entertained in 
tmr day by Professor Knight ehmely resembles the idea 
of motion entertained by his opponents in TobimPs day. 
Motion was then virtually asserted to bo a thing *ui gm* 
eri» x d inti net from matter, and inoapublo of being gener. 
atod out of matter, Ilmeo the obvious inference when 
matter wait observed to move, ft w m tin* vehicle of an 
energy not its own the repository of forces impressed 
on it from without the purely passive recipient of the 
shook of the Divine, Tin* logical form continues, but 
the iubjeet-matter m changed, ‘"The evolution of nat¬ 
ure,” says Professor Knight, “may Im a fact; a daily 
and hourly apocalypse. But we have no evidence of the 
non-vital pawing mto the vital, SdjKmtanemis generation 
ia, an yet, aw imaginative guess, unverified by soumtiflo 
testa, And matter in not itself alive, Vitality, whether 
Keen in a single cell of protoplasm or in the human brain, 
is a thing mi gmrri»< d inti net from mutter, and incapable 
of being generated out of matter/* ft may be, however, 
that, in proem# of time, vitality will follow the example 
of motion, and, after the necessary antecedent wrangling, 
take it# plane among the attributes of that 41 uni vernal 
mother” who has boon so often misdeflnad. 

That “matter It not itself alive” Professor Knight 
•oerna to regard aa an axiomatic truth, JUt us plane In 

1 “Mm fotmui tt»id ter tfotemnw ter 0«f»wwn, “ ll^tetter*, Owl Viator. 
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ntrast with thin the notion entertained by the philos- 
her Xleberweg, one of the subtlest heads that Germany 
* produced. “What occurs in the brain,” says CJeber- 
g, “would, in my opinion, not bo possible, if the proo- 
i wiiie.h hero appears in its greatest concentration did 
t obtain genemlly, only in a vastly diminished degree, 
ko a pair of mice and a cask of flour. By copious 
iirishmcmt the animals increase and multiply, and in the 
tie proportion sensations and feelings augment. The 
mtity of these latter possessed by the first pair is not 
iply diffused among their descendants, for in that case 
last must feel more feebly than the first. The aensa- 
:is and feelings must necessarily be referred back to 
flour, where they exist, weak and pale it is true, and 
i concentrated as they are in the brain.” 1 "We may 
i be able to taste or smell alcohol in a tub of fermented 
irries, but by distillation we obtain from them concen¬ 
tred Kirsehwasser. Hence Ueberweg’s comparison of 
brain to a still, which concentrates the sensation and 
ling, pre-existing, but diluted in the food. 

“Definitions,” says Mr, Ilolyoake,* “grow as the hon- 
t of experience expands. They are not inventions, but 
crip turns of the state of a question. No man sees all 
ough a discovery at once.” Thus Desoartes’s notion 
matter, and his explanation of motion, would be put 
lo as trivial by a physiologist or a crystallographer of 
present day. They are not descriptions of the state 
the question. And yet a desire sometimes shows itself 
distinguished quarters to bind us down to conceptions 

Letter to Lange: “Gwolilchto doe Matorialisimus,” ssweite Aufl., vol. ii. 

n. 

“Nineteenth Century ” September, 1818. 
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which passed muster in tin' iiifiutry <4 knowledge, but 
which arc wholly incompatible with «»ur present enlighten¬ 
ment. Mr, Martmeau, 1 think, errs when he seeks to 
hold mu to views enunemted by " Iteiuoeritua tuul the 
mathematicians,'* That dedmiioitu should change m 
knowledge advances ih in neeurdnnoe both with sound 
Souse und Hcmniiite practice, When, C**r example, til© 
u ntlu In lory theory wan started, it wnn nut imagined that 
the vibrations of light could l*e transverse to the direc¬ 
tion of propagation. The example of sound was ut hand, 
which wan a cane of longitudinal vibration. Now the 
substitution of transverse for longitudinal vabritttumi in 
the case of light involved h radical change of conception 
aa to the mechanical properties of the Iminmfermw me¬ 
dium. But though this change went «»• far » to till apace 
with a mibatanee, possessing the properties of a solid, 
rather than thane of n gns, the change was accepted, be¬ 
cause the newly discovered farts tmjH’rattvcly demanded 
it. Following Mr. Marti utmu's example, the opponent of 
the umlulatory theory might effectually twit the holder 
of it on hi* change of front. ‘‘Thin ether «»f yours,’* he 
might say, “altera its style with every change td service. 
Starting na a beggar, with scarce it rag of ‘property* to 
cover its bones, it turns up as a prinoe when large under¬ 
takings art wanted, You had Home show of reason when, 
with the oast of sound before you, yon assumed your ether 
to be a gas in the last extremity of attenuation, But now 
that new service in rendered umioMiiry by new facta, you 
drop tiie beggar’s rags, and accomplish an undertaking, 
great and princely enough in all conscience; for it im¬ 
plies that not only planet* of enormous weight, but comets 
with hardly any weight at nil, fly through your hypothet* 
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solid without perceptible loss of motion.” This would 
id very cogent, but it would be very vain. Equally 
, in my opinion, is Mr. Martinoau’s contention that 
uro riot justified in modifying, in accordance with ad- 
•,ing knowledge, our notions of matter, 
loforo parting from Professor Knight, let me commend 
courage as well as his insight. We have heard much 
ito of the peril to morality involved in the decay of 
;ious belief. What Mr. Knight says under this head 
rorthy of all respect and attention. “I admit,” he 
cs, “that wore it proved that the moral faculty was 
ml as well as developed, its present decisions would 
be invalidated. The child of experience has a father 
so teachings are grave, peremptory, and august; and 
arthborn rule may be as stringent as any derived from 
ostial source. It does not ovon follow that a belief in 
material origin of spiritual existence, accompanied by 
^responding decay of belief in immortality, must nee- 
'ily load to a relaxation of the moral fibre of the race. 

. certain that it has of ton done so. 1 But it is equally 
tin that there have been individuals, and great histor- 
communifcioH, in which the absence of the latter belief 
neither weakened moral earnestness nor prevented de- 
mal fervor.” I have elsewhere stated that some of 
best men of my acquaintance—men lofty in thought 
beneficent in act—belong to a class who assiduously 
the belief referred to alone. They derive from it 
ter stimulus nor inspiration, while—I say it with re- 
—were I in quest of persons who, in regard to the 

[b this really certain? Instead of standing In the relation of cause and 
, may not the “decay" and “relaxation" be merely coexistent, both, per- 
floring from common historic antecedents?' 
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finer endowments of humnn character, are to 1m ranked 
with the unendowed, I should fim! some eharaeteriatio 
wimples among the noisier defenders of the orthmlox be¬ 
lief. These, however, are hut “hand specimens 1 ' on both 
sides; the wider data referred t«» by Professor Knight con¬ 
stitute, therefore, a welcome corroboration of my experi¬ 
ence. Again, my excellent critic, Prof*-iM.*r Uiackie, de¬ 
scribes Buddha ns being "n great deal more than a 
prophet; n rare, exceptional, ami altogether transcenden¬ 
tal incarnation of moral perfection. “ * A ml vet, “what 
Bttddlm preached was a gi*s|*el of pure human ethics, 
divorced not only from Brahma ami the Brnhminie Trin¬ 
ity, but even from the existence of flod.“ * These civil- 
mnl and gallant voices from the North contrast pleasantly 
with the barbarous whoops which sometimes come to us 
along the name meridian. 

Looking backward from my present standpoint over the 
earnest past, a boyhood fond of play and physical action, 
but uverse to school work, lies before me. The aversion 
did not arise from intellectual apathy or want of appetite 
for knowledge, but simply from the fact that my earliest 
teachers lacked the power of imparting vitality to what 
they taught. Athwart all play amt amusement, however, 
a thread of seriousness ran through my character; and 
many a sleepless night of my childhood lias been pawed, 
fretted by the question “Who made (bid ?" 1 was well 

versed in Heripture; for f loved the Bride, and was 
prompted by that hmi to commit large portions of it to 
memory. Later on I Imeamn adroit in turning my Script* 


‘Katuinl History of Atheism, ’* |» tea. 
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1 knowledge against the Church of Rome, but the char- 
iristio doetrinoH of that Church marked only for a time 
limits of inquiry. Tho eternal Sonship of Christ, for 
■tnplo, m enunciated in the Athanasian Creod, perplexed 
Tim resurrection of the body was also a thorn in my 
id, and hero I remember that a passage in Blair’s 
rave” gave mo momentary rest 

Buro tho tmtuo power 

TUftt roar’d tho pUnni at Aral and took it down 
Cun nmnwiublo tho loose, Hi-attor’d parts 
And put tliom tw thoy wore. 


b conclusion scorned for the moment entirely fair, but 
h further thought my difficulties came back to me. I 
l seen cows and sheep browsing upon churchyard grass, 
ioh sprang from the decaying mould of dead men. The 
h of these animals was undoubtedly a modification of 
nan flesh, and the persons who fed upon them were as 
louhtodly, in part, a more remote modification of the 
to substance. 1 figured the self-same moleoules as be* 
ging first to one body and afterward to a different one, 

[ I asked myself how two bodies so related could pos- 
ly arrange their claims at the day of resurrection. The 
tiered parts of each were tq be reassembled and set as 
y were. But if handed over to the one, how could 
y possibly enter into the composition of the other? 
impotence itself, I concluded, could not reconcile the 
tradiction. Thus the plank whioh Blair’s mechanical 
ory of the resurrection brought momentarily into sight, 
appeared, and I was again cast abroad on the waste 
an of speculation. 

At the same time I could by no means get rid of the 
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idea that the aspect# of nature and the conmuouaneas of 

man implied the operation of a power altogether beyond 
my grmtp—un energy the thought of which mined the tem¬ 
perature of the mind, though it refused to accept shape, 
personal or otherwise, from the intellect, Perhaps the able 
critic# of the "Saturday Review” are justified in speaking 
uh they sometime# do of Mr. ('arlyle, They owe him noth¬ 
ing, and have a right to uumnuiee the fact in their own 
way. I, however, owe him a great deal, ami am also in 
honor bound to acknowledge the debt. Few, perhaps, 
who am privileged to eome into eonlaet with that illus« 
trious man have shown him a sturdier front than I have, 
or in dine turning modern science have more frmpumtly 
withstood him. But I tumid aw that Ida ruutentiun at 
bottom always was that the human soul him claims and 
yearnings whieh physical Heienee eannot satisfy. England 
to eome will assuredly thank him fur his ulhrmatnm of tho 
ethical and ideal side of human nature. Be thin as it 
may, at the period now reached in my story the fooling 
referred to wan indefinitely strengthened, my whole life 
being at the same time rendered more earnest, resolute, 
and Iftlmrioui by the writings of ( -arlyle, Others also 
ministered to this result. Emerson kindled mo, while 
Fichte powerfully stirred my moral pulsed In this re¬ 
lation I eared little for political theories or philosophic* 
system#, hut a great deal for the propagated life and 
strength of pure and powerful minds. In my later school 
days, under a clever teacher, some knowledge of muthe- 


1 Th* rmA*r wilt flwl i« the Seven [set* th horitim of PVhtsVi txmrao cm 
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anti physics had boon picked up: my stock of 
was, however, Bounty, and I resolved to augment 
ut it wan really with the view of learning whether 
rnntioH and physics could help mo in other spheres, 
than with the desire of acquiring distinction in 
science, that I ventured, in 1848, to break the 
uity of my life, and devote the meagre funds then 
disposal to the study of science in Germany, 
t science soon fascinated mo on its own account, 
rry it duly and honestly out, moral qualities wore 
mtly invoked. There was no room allowed for in- 
ty—no room even for carelessness. The edifice of 
i had been raised by men who had unswervingly 
id the truth as it is in nature,* and in doing so 
’ten sacrificed interests which are usually potent in 
orld. 

long those rationalistic men of Germany I found 
mtiousnosH in work as much insisted on as it could 
tong theologians. And why, since they had not 
vardft or penalties of the theologian to offer to their 
os? Because they assumed, and were justified in 
ng, that those whom they addressed had that within 
•vhioh would respond to their appeal. If Germany 
ever change for something less noble the simple 
-ness ami fidelity to duty, which in those days char¬ 
ed her teachers, and through them her sons gener- 
b will not be because of rationalism. Suoh a de- 
Germany might coexist with the most rampant 
lisin without their standing to each other in the 
a of cause and effect. 

first really laborious investigation, conducted jointly 
ly friend Professor Knoblauch, landed me in a re- 
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gittn which bnrmonm.od with my xpcnrintive tastes. It was 
essentially im inquiry in molecular physios, having refer¬ 
ence to ihu curious, and thou perplexing, ph?*nomena ex¬ 
hibited by crystals wlmu freely suspended in the magnetio 
field, I hurts lived amid th« most complex o|wrnt«m» of 
magnetism in itn twofold »|irefc cif an nti motive ami a re¬ 
pellent force. Iron was attracted by a magnet, bismuth 
wsw repelled, and the oryntnla oj>eratod on ranged them- 
solve* under those two head*. Faraday a ml Plliokor had 
worked atmidoottaly at tha subject, am! had invoked-the 
aid of new format to account for tin* phenomena, It waa 
soon, however, found that the displacement in a oryatal 
of an atom of the iron class by an at*on of the bismuth 
olass, involving no change of crystalline form, produced a 
complete re vernal of the phenomena. The lines* through 
the crystal which worts in the <»«« viwt\ drawn toward the 
polos of the magnet, wore driven, in the other case, from 
three poles. By suoh instances and the reasoning whioh 
they suggested, mngim-ery stall i« action was proved to he 
due, not to the operation of new forces, but to the modift* 
cation of the old ones by molecular arrangement, Whether 
dlamagnetiatn, like magnetism, waa n polar force, waa in 
those days a subject of the moat lively contention. It waa 
finally proved to bo m>{ and the most complicated cneea 
of magne-oiyatallio action were immediately ahown to be 
simple mechanical oonnequunumi of the principle of dts* 
mmgnetio polarity. 

These early researches, which occupied in all five 
ytart of my life, and throughout whioh tins molecular 
arohlteotnre of crystals was an incessant subject of men* 
tal contemplation, gave a tinge and bias to my »ub« 
acqnent soientUto thought, and their Influence is easily 
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l in my subsequent inquiries. For example, during 
yearn of labor on the nubjuet of radiation, heat and 
were handled throughout by mo, not as ends, but as 
ummtH by the aid of which the mind might per- 
to lay hold upon the ultimate particles of matter, 
iientilie. progress depends mainly upon two factors 
\ ineessantly interact -the strengthening of the mind 
cruise, ami the illumination of phenomena by knowl* 
There seems no limit to the insight regarding phys- 
iroeeHses whieh this interaction carries in its train, 
tgh sueh insight we are enabled to enter and explore 
mbsensible world into which all natural phenomena 
their roots, anti from which they derive nutrition. 

• we are enabled to place before the mind’s eye 
and atomic motions which lie far beyond tho range 
s senses, and to apply to them reasoning as stringent 
fc applied by the mechanician to the motions and col- 
» of sensible masses. But once committed to such 
[)tions, there is a risk of being irresistibly led be- 
tho bounds of inorganic nature. Even in those early 
of scientific growth, I found myself more and more 
tiled to regard not only crystals, but organic struct- 
the body of man inclusive, as eases of molecular 
taciturn, infinitely more complex, it is true, than those 
rganie nature, but reducible, in the long run, to the 
mechanical laws. In ancient journals I find reoorded 
rings and speculations relating to these subjects, and 
its made, by reference to magnetic and crystalline 
mena, to present some satisfactory image to the mind 
way in which plants and ammals are built up. Per- 
E may be excused for noting a sample of these early 
ations, already possibly known to a few of my read- 


ers, but which here finds a more suitable place than urn 
which it formerly occupied. 

Sitting, in the summer of 1855, with my friend Dr. 
Debus under the shadow of a massive elm on the bank 
of a river in Normandy, the current of our thoughts and 
conversation was substantially this: We regarded the tree 
above us. In. opposition to gravity its molecules had 
ascended, diverged into branches, and budded into in¬ 
numerable leaves. What caused them to do so—a power 
external to themselves, or an inherent force? Science re¬ 
jects the outside builder; let us, therefore, consider from 
the other point of view the experience of the present year. 
A low temperature had kept back for weeks the life of the 
vegetable world. But at length the sun gained power— 
or, rather, the cloud-screen which our atmosphere had 
drawn between him and us was removed—and life im¬ 
mediately kindled under his warmth. But what is life) 
and how can solar light and heat thus affect it? Near 
our elm was a silver birch, with its leaves rapidly quiver- 
ing in the morning air. We had here motion, but not the 
motion of life. Each leaf moved as a mass under the in¬ 
fluence of an outside force, while the motion of life was 
inherent and molecular. How are we to figure this mo¬ 
lecular motion—-the forces which it implies, and the results 
which flow from them ? Suppose the leaves to be shaken 
from the tree and enabled to attract and repel each other. 
To fix the ideas, suppose the point of each leaf to repel 
all the other points and to attract the roots, and the root 
iff each leaf to repel all other roots, but to attract the 
points. The leaves would then resemble an assemblage of 
little magnets abandoned freely to the interaction of their 
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m forces. In obtnlitmae to those they would arrange 
temsalves, and finally asuunw positions of rent, forming 
coherent mass, Let us suppose the hroozo, which now 
kUBoa them to quiver, to disturb the anHiimed equilibrium, 
h often rw disturlmd there would ho a constant effort on 
io part of the leave* to re-establish it; and in making 
iin effort the maw of loaves would paw through different 
tapes and forma. If other loaves, moreover, were at 
md endowed with similar forces, the attraction would 
Ltend to them—a growth of the mass of leaves being the 
inHoquonae. 

We have strong reason for assuming that the ultimate 
trtkdes of matter—the atoms and molecules of which it 
made up—are endowed with forces coarsely typified by 
owe her© ascribed to the leaves, The phenomena of orys- 
Uixatum, lead, of necessity, to this conception of molecu- 
r polarity. Under the operation of such forces the mole* 
Jes of a need, like our fallen leaves in the first instance, 
ke up positions from which they would never move if 
disturbed by an external impulse. But solar light and 
sat, which come to us as waves through space, are the 
eat agents of molecular disturbance, On the inert mole- 
,1 as of seed and soil these wave® impinge, disturbing the 
omic equilibrium, which there is an immediate effort to 
store. The effort, incessantly defeated—for the waves 
ntinuo to pour in—4s incessantly renewed; in the mo¬ 
dular struggle matter is gathered from the soil and from 
o atmosphere, and built, in obedience to the forces which 
lido the molecules, into the special form of the tree. In 
general way, therefore, the life of the tree might be de¬ 
ad as an unceasing effort to restore a disturbed equi- 
irium. In the building of crystals Nature makes her 
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flwt structural effort; wo have hero the earliest groping 

of the so-©ailed “vital force," mini the manifestationa of 
tills force in plants ami animals, though, tut already stated, 
indefinitely more complex, lire to U* regarded of the game 
moohanieal quality tut tluww concerned in tlm building of 
the crystal. 

Consider the oyelu of ojH'mti«m« l*y which tho seed 
produces the plant, tlui plant the dower, thu flower again 
the need, the causal Ime, returning with the fidelity of a 
planetary orbit to its original |w»inl of departure. Who 
or what planned this molecular rhythm ? Wti do not 
know— aoisnoo fails oven to inform un whether it was ov«r 
“planned*' at ail. Yonder butterfly him a spot of orange 
on its wing; and if wo look at a drawing made a century 
ago, of one of the an cuts tors of that butterfly, w« probably 
find tho mdf-samo ifmt upon the wing. For a century the 
molecules have described their cycle*. Butterllies have 
been begotten, have been born, and have died; still wo 
find the molecular architecture unchanged. Who or what 
determined this persistency of recurrence F Wo do not 
know? but w© stand within our Intellectual rang© when 
w« my that there l« probably nothing in that wing whisk 
may not yet find its Newton to prove that the principle® 
involved in it* oonutruotim* are qualitatively tho same a# 
thoa© brought into play in the formation of the solar ays- 
tom. Wo may ovon taka a atop farther, and affirm that 
tho brain of man-—the organ of his reaaon—without whisk 
ho can neither think nor feel! to also an assemblage of 
motoomtoa, acting and reacting according to law. Here, 
however* the methods pursued in mechanical aoieaoe oome 
to an ©ml; and if naked to deduce from the physical Inter¬ 
action ol tho brain molecule.! the toast of the phenomena 
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of sensation or thought, I acknowledge m 
The association of both with the matter ofkelplessne®*. 
be as certain as the aBHoeiation of lio-bt 6 

the sun. But whereas in the latter c ase wVwln 
broken mechanical connection, between ! 

organa, m the former caso logical continuity disappear* 
Between molecular mechanics and consciousness is hner 
posed a Assure over which the ladder of physical rea'. 
soning is incompetent to carry ns. We must, therefore, 
accept the observed association as an empirical fact, 
without being able to bring it under the yoke of <t 
priori deduction. 


Such wore tho pondorings which ran habitually through 
my mind in tho days of my scientific youth. They illus¬ 
trate two things—a determination to push physical con¬ 
siderations to their utmost legitimate limit; and an ac¬ 
knowledgment that physical considerations do not lead 
to tho final explanation of all that we feel and know. 
This acknowledgment, bo it said in passing, was by no 
means made with the view of providing room for the play 
of omumluratiouB other than physical. The same intel¬ 
lectual duality, if I may use the phrase, manifests itself 
iu the following extract from an article entitled “Physios 
aud Motaphyaies," published in the “Saturday Bcvicw’* 


for August 4, 1860s 

w— a-- 
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thought and every filing \nm its definite meehtmitml our* 
relative ■ that it U accompanied by a eertam breaking up 
and remtinditdlmg of the nUmm of the brum. Thin Utter 
prooewi h purely physical; and were the fncultieH wo now 
panne** nuflleienlly expanded, without the creation of any 
new family» it \% Mtiltl doubilerw be within the range of our 
augmented power* to infer from the smdeeulur atate of the 
brain the eIntruder of the thought in-ting ou it, and, turn* 
vereely, to infer from the thought the exact tnokwukr 
condition of the hruin. We do n«»l my «ml thin, m will 
be aeon, in alb important • that the inference here referred 
to would trn an d one, Hut by observing, with the 

faculties we mumme, the state of the bruin nml the ***o> 
mated mental affection*, both might he no tabulated aide 
by aide that, if one were given, a mere reference to the 
tabic would declare the other. Uur present power*, it in 
true, nht '1 vet into noilsingneu* when brought to hear on 
uucli a problem, hut it m bivatme uf it* complexity and 
our limit* that this i* the ruse. The tputUty of the proh* 
hnu and of our power* are, we Indieve, *o related, that a 
mere expansion uf the Utter would enable them to copo 
with Hie former. Whv f then, m scientific speculation 
should we turn our eye* exclusively to the pant? May 
it not be that ft time m coining age* no douht distant, 
but a till advancing wltcn the dweller* uj»ou thin fair 
earth, starting from the groan human brain of to-day aa 
it rutliment, may be aide to apply to those mighty quci* 
tiona faculties of commensurate extent? (liven the rtnjni* 
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no absolute breach of continuity between us and our 
er brothers yet to come. 

4 Wo have guarded ourselves against paying that tho 
rring of thought from material combinations and ar- 
'oments would bo an inference d priori Tho infer- 
i meant would be tho same in kind an that whiidi tho 
rvutiou of tin' offeetH of food and drink upon tho mind 
hi enable uh to make, differing only from tho latter 
ho degree of analytical insight which wo HuppOHO 
tnod. Oiven the masses and distances of tho planein, 
’an infer the perturbations consequent on their mutual 
lotions. Oiven tho nature of a disturbance in water, 
or ether knowing the physical qualities of the mo¬ 
il we ran infer how its purtioleB will bo affected. In 
.bin we deal with physical lawn. The mind runs with 
duty alimg the line of thought which connects tho 
toutemi, and from beginning to end there is no break 
ie chain, lint when wo endeavor to pass by a similar 
chh from the phenomena of physios to those of thought, 
neet a problem which transcends any conceivable ex* 
hm of the powers whieh we now posscsH. Wo may 
k over the subject again and again, but it eludes all 
leetual presentation. We stand at length face to face 
the Incomprehensible. The territory of physios is 
>, but it has Us limits from which wo look with vacant 
into the region heyorni Let us follow matter to its 
ml bounds, let us claim it in all its forms—even in 
muscles, blood, and brain of man himself—as ours to 
iriment with and to speculate upon. Casting the term 
1 force 4 from our vocabulary, let us reduce, if we can, 
visible phenomena of life to mechanical attractions 
repulsions. Having thus exhausted physics, and 
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rone hod it* very riot, ft mighty Mystery Htill looms hoyond 
uh. Wo have, in fact, mndo no slog toward it* solution. 
And thus it will over loom, mn»|Mdling tho philosophies 
of suooesaivu ages to confess tlmt 

** *W» «m m»rh stuff 
Ait drwttw urn nnutn nt t tuul **t»r Mill** llf*> 

I* mwtWi by » «Uk*j>, * " 

In my work on “Hunt,’ 1 jmblwhed in 1 hiI.h, anti repain 
HhIuhI many times since, t employ the jimnw language 
thus extracted from tho '’Saturday Review." 

Tho distinction in hero dearly brought out which I 

hud resolved nt nil hu/urd* to draw - that, namely, be¬ 
tween wiiut mmi know or might know, and what they 
could never hope to ktmw. Impart simple magnifying 
power to our present vision, and tho atomic motion# of 
tlm bruin itself might ho brought into view. Compare 
theae motions witli the corresponding state* of conscious* 
ness, and an empirical nexus might l«ti estaldishud *, but 
“wo try to soar in a vacuum when wo tuulonvor to paws 
by logical deduction from the one to the other," Among 
them© brain-off©eta a new produet appears which date 
mechanical treatment. We cannot deduce motion from 
oonaciowmow* or consciousness from motion tut we deduce 
one motion from another, Nevertheless observation in 
open to us, and by it relation# may be established which 
are at least as valid a# those of the deductive reason. The 
difficulty may really lie in the attempt to convert a datum 
Into an inferonoo—an ultimate fact into a product of logic. 
My desire for tho moment, however, is not to theorize, 
but to let facts speak in reply to accusation. 

The most "materialistic" speculation, for which I was 
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isponsiblo, prior to the “Belfast Address,” is embodied 
i the following extract from a brief article written as far 
ack as 1805: “Supposing the molecules of the human 
txlj, instead of replacing others, and thus renewing a 
re-existing form, to bo gathered first-hand from nature, 
id placed in the exact relative positions which they oc* 
ipy in the body. Supposing them to have the same 
irons and distribution of forces, the same motions and 
[Htrlbution of motions—would this organized concourse 
' molecules stand before us as a sentient, thinking being? 
hero seems no valid reason to assume that it would not 
r supposing a planet carved from the sun, sot spinning 
mm! an axis, and sent revolving round the sun at a dis- 
nee equal to that of our earth, would one consequence 
the refrigeration of the mass bo the development of 
•game forms? I lean to the affirmative.” This is plain 
leaking, but It is without ‘‘dogmatism.” An opinion is 
ipresHiul, a belief, a loaning —not an established “doo¬ 
med ' 

The burden of my writings in this connection is as 
ue.h a recognition of the weakness of scionco as an asser* 
hi of its strength. In 1807, I told the working men of 
undee that while making the largest demand for freedom 
investigation; whilo considering science to be alike pow* 
ful m an instrument of intellectual culturo, and as a 
inis trail t to the material wants of men; if asked whether 
urnce has solved, or is likely in our day to solve, “the 
oblem of the universe,” I must shake my head in doubt, 
compare the mind of man to a musical instrument with 
certain rang© of notes, beyond which in both directions 
dstii infinite silence. The phenomena of matter and 
roe oorno within our intellectual range; but behind, and 
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above, and around uh the real mystery of tho universe lies 
unsolved, and, as far as wo nro concerned, is incapable 
of solution. 

While refreshing my miml on these old themes I ap¬ 
pear to myself as a person possessing one idea, which ho 
overmasters him that he in never weary of repeating it. 
That idea m tho polar conception of the grandeur and tho 
litthmnw of man—-tho v witness of bin range in Homo ro* 
Bpecte and directions, and his powerhwnuw to take a 
tdngl© atop in others, In IBU8, before tho Mathematical 
and Physical Bootum of the British Association, then 
aasnmbled at Norwich, I repeat the same well worn note: 

11 In thus affirming the growth of the human body to 
b© meohaniual, and dm ught as exercised by n® to have its 
correlative in the physic# of the brain, the position of the 
‘materialist, ’ m far an that position is tenable, is stated. 

I think tho materialist will be nlde finally to maintain this 
position against all attacks, but I do not think he can 
pass boyoml it, Tim problem of the connection «f body 
and soul is iu» insoluble in its modern form m it was in 
tli© pre-umim title ago*. Phosplmrtw is a constituent of the 
human brain, and a trenchant Herman writer has ex* 
claimed, *Ohno Phosphor kein gedankcB That may or 
may not be the case; but, even if we knew it to be tho 
owe, the knowledge would not lighten our darkness. On 
both sldca of the wm© hem assigned to the materialist he 
la equally helpless. If you auk him whence is this ‘mat* 
t®?* of which wo have Imtrn discoursing -who or what 
divided it into molecule#, and impressed upon them thi* 
nooearity of running into organic form# he has no answer. 
Soienca la alto mute in regard to such questions. But if 
materialist li oonfouudod aud science is rendered 
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>, who elms is prepared with an answer? Let us 
our heads and acknowledge our ignorance, priest 
philosopher, one and all.” 

M roll of echoes which succeeded the Lecture deliv- 
hy Professor Virchow at Munich on September 22, 
was long and loud. The “Times” published a 
f full translation of the lecture, and it was eagerly 
on tod on in other journals. Glances from it to an 
cm delivered by mo before the Midland Institute in 
utumn of 1877, and published in this volume, wore 
frequent, Professor Virchow was held up to mo in 
quarters as a model of philosophic caution, who by 
nuumablcncss reproved my rashness, and by his depth 
red viy shallowness. With true theologio courtesy I 
sedulously emptied, not only of the “principles of 
ille thought,” but of “common modesty” and “com- 
Honso.” And though I am indebted to Professor 
rd for recalling in the “Nineteenth Century” for 
the public mind in this connection from heated 
to sober fact, I do not think a brief additional ex- 
turn of Virchow’s views, and of my relation to them, 
e out of place hero. 

fc keynote of his position is struck in the prefaoe to 
tec 1 lent English translation of his lecture—a prefaoe 
n expressly by himself. “Nothing,” he says, “was 
r from his intention than any wish to disparage the 
services rendered by Mr, Darwin to the advancement 
logical science, of which no one has expressed more 
ition than himself. On the other hand, it seemed 
ime to him to enter an energetic protest against the 
)te that are made to proolaim the problems of re- 
as actual facts, and the opinions of scientists as 
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above, and around us the real mystery of the 
unsolved, and, as far as we are concerned, 
of solution* 

While refreshing my mind on these old 
pear to myself as a person possessing one i 
overmasters him that he is never weary of 
That idea is the polar conception of the grai 
littleness of man—the vastness of his rang* 
spects and directions, and his powerlessn* 
single step in others. In 1868, before the 
and Physical Section of the British Asso 
assembled at Norwich, 1 repeat the same w* 

t£ In thus affirming the growth of the hu 
be mechanical, and thought as exercised by i 
correlative in the physics of the brain, the p 
‘materialist,’ as far as that position is tenal 
I think the materialist will be able finally to 
position against all attacks, but I do not 
pass beyond it. The problem of the conne* 
and soul is as insoluble in its modern form 
the pre-scientific ages. Phosphorus is a cons 
human brain, and a trenchant German wi 
claimed, l Ohne Phosphor kein gedanke!’ 
may not be the case; but, even if we knew 
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*b, who «d«o is prujmrcd with an answer? L< 
nr our lunula and acknowledge our ignorance, j 
philosopher, one and all.” 

Him roll of «Hihoe» which succeeded the Lecture c 
I by Professor Virchow at Munich on Septembo 
1, was long and loud. The “Time*” publish* 
•ly full translation of tike lecture, and it was ea< 
uu'ikU'd <m in other journals. Glances from it t 
ires* delivered by mo Insfore the Midland Institu 
autumn of 187?, and published in tikis volume, 
r frequent. Professor Virchow waa held up to ni 
e quarters as a modol of philosophio caution, win 
reasonableness reproved my rashness, and by his d 
<*vei{ my shallowness. With true theologie oourle 
sedulously emptied, not only of the “principle 
itklie thought," but of “eommou modesty” and “< 
sense." And though I am indebted to Prof® 
ord for recalling in the “Nineteenth Century" 
it the public mind in this connection from he* 
y to sober fact, I do not think a brief additional 
kation of Virchow’s views, and of my relation to th 
be out of place here. 

'k& keynote of his position is struck in the pre£ao< 
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established science.” On the ground, i 
it promotes the pernicious delusions 
Virchow considers the theory of evoluti 
Ins ildelity to truth is so great that h 
danger and teach tho theory, if it v 
‘‘However dangerous the state of thing! 
confederates ho as mischievous as they 
not hesitate to say that from tho mou 
become convinced that the evolution l 
feetly established doctrine-no certain tli. 
our oath to it, so sure that we could i 
from that moment we could not dart) t 
about introducing it into our actual lift 
communicate it to every educated man 
to every child, to make it the founds 
ideas of the world, of society, anti the 
upon it our whole system of educatioi 
be a necessity.” 

It would Is* interesting to know the 
by thts pronoun *‘we” tn the iirst seutt 
lag quotation. No doubt Professor Hat 
this canon In all its fulness, and found 
tion. He would say without hesitation: 
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'■«tf it ujh.ii tin* public at large. nia “we,” I su 
ih d.’lmtlnm. If he meiuia that the theory of o 
I alight to in* mtn id need into our schools, not ’ 
>frv* Ht" ngiv.d 11,1 to It* truth, but when the cor 
t in prepared for ita mtroiiuetion, then, I think, 
it, and Omt, m u inutUir of aoeial policy, Dr. Ilai 
il.l !*•» wi.mg in Meek mg to antedate the period of ii 
luetmii. In dealing with the community great cha 
it have ftmrhiir ,:, aa well a« truth upon their aide, 
he moutliM of thinkers 1h> m topped, the neceaaary a 
par-itnni will lie itttpoH»ihiu; an unwholesome dir 
: he I'MUthliMlied between the expert and the public, 
ah»w and natural proves* of leavening the sooial ) 
discovery and discussion will be displaced by s 
ig far lea* unfit and salutary. 

Ilia bunion, however, of tliis celebrated lecture 
nmg that a marked distinction ought to be made 
an that which in experimentally proved, and that w 
itill in the region of speculation. As to the la 
jhow by no meana imposed silence. He is far too 
ous a man to commit himself, at the present tim 
, to any such absurdity. But he insists that it or 
to be put on the same evidential level as the fori 
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regard to the connection, between phys 
mental phenomena he says: “I will, 
graut that wo can find certain gradatio 
points at which wo trace a passage frot 
to processes purely physical, or of a ] 
Throughout this discourse I am not as 
never be possible to bring psychical pr 
mediate connection with those that an 
say is that we have at present no right 
eible connection as a doctrine of scion 
paragraph he reiterates his position wit 
introduction of such topics into schot 
must draw,” ho says, “a strict distinc 
wo wish to teach, and what wo wish t 
objects of our research are expressed ai 
potluiscs). We need not keep them to 
ready to communicate them to all the war 
is the problem; that is what we strive 1 
vuHligatum of such problems, in wlncli 
may bo interested, cannot bo restricted 
is Freedom of Inquiry, But the problei 
not, without further delate, to bo mad 
will not concede to Dr. Haeckel “that 

iliii tii tliimtliL wliothrr ilit 
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men, I lit ink we tdtottld \m iilmwing our poy 
lift imperilling «utr power, unkwt In our to 
ulrirl utirmdveit lo tiff* perfectly #ttfo uiul ut 
iiiiiitn From tin* tloiuiiin < m make in*'a 
field n/ prtthlrm * 9 find I inn wire that every v 
kind will thru fusil nil needful aerurity find 
have ifs«ij4iii#4oeo*l by ittslin* two HoutcueeH in 
mmm of ijtiotrifmom; tin! other italic* tiro 
own, 

Viruhow 1 * jioMtifiii emilcl not be made e 

tnmumMtt* of initio tluiti ft# hit* taro mad 
Tlittl \nm%um m otto of the liightwt primlieii 
M Throughout our whole (Ionium Knlherlun 
**11100 are buaied in renovating, extending, 
mg the »|nt 4 §ni of ttdmmimn, and in inventin 
in which It* mold it (in tlio threshold of t 
iitiitttlft tli© Pr unman law of education. In al 
State* larger oehoola wo being built, new e< 
tiililiilitiietito are mi up, tbe umveroiliea u 
‘higher* md % nticlclli> f aehook are founded. 1 
111# tjueatum, Wliut in to be the chief buIi* 
teachingf * What Virchow think* it ought a 
to Im I» dimlumd by I ho foregoing quota 
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then, I have never advocated the int 
theory of evolution into our schools. ; 
disposed to resist its introduction before 
been better understood and its utility i 
nmnl than it is now by the great body c 
The theory ought, I think, to bide its t 
conflict of discovery, argument, and opi 
it this recognition. A necessary couditi 
is that free discussion should not be prt 
the ferocity of reviewers or the arm of tl 
as I said before, the work of social prep 
on. On this count, then, I claim acquit 
moment on the side of Virchow. 

Besides the duties of the chair, wl 
privileged to occupy in London for mo 
of a century, and which never involve 
part, pm or ee/i, in reference to the tin 
1 have had the honor of addressing m 
pool, Belfast, and Birmingham; and in t 
theory of evolution, and the connected 
tancous generation, have been more or h 
Let tut now examine whether in my refu 
parted from the views of Virchow or no 
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know utmtt’imng of oar rmuQUmt ammafr 

t|rfarliii!«iiil from ili«i /4iiii ? lifts, m wtt undo 
IP4 llalP I## »''ll Jimriit oft lllfi wirtli, lit 
roiii« th**rr ? llir thing to Ini ommttmgwl 

Mil fpailllllll lij ilw 

whirl* rlii^kn in ijn*ai4lttl 

thing i*t lm tuilli in ttmtmco iui 

slngitmiiiin, AM«1 h*»rr I awi iti lliii hunt, 
in.il* will mg to tnitlL but rtiiwly to go on. 

ft* inirutln fi|w« tpm $hn m 

Mm r|f4f4t#f l or ynthming 4c# ##mm mU 

ihr mmimrm a§mml^iirn fulfill. * * 

I iIiiiii imihm m*mi riijtmiiJIy tiiti hmh 

**TS§«ft«t wiio ktiti ilm tlootrimi of ovolut 
pjm&mni t*f ihm nutmrkiinty <jf tin:it 
fwid I# ilii pntvi&ii'uiil tmmmL Tltoj I 

iiiiir ItyiMilltPitif an prohubi#} aatl$ In lb# nl 
any proof of III# Illegality of lb© aot, tlu 
moibocl of nature from tb# prcmmt into tl 
lli« nbmrvml uniformity of nature ia thai 
Miiflftjf iloiormiiiiHl lit© elmmmta of their ©u 
of olmurvatum ami aximrmumtj they prolo: 
Into m anlooodonl world* and aooept » pn 
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unity of nature, I cannot stop abruptly whe 
scopes cease to be of use. At this point the 
mind authoritatively supplements that of the 
intellectual necessity I cross the boundary c 
mental evidence, and discern in that ‘matte 
in our ignorance of its latent powers, and nc 
our professed reverence for its Creator, have 
ered with opprobrium, the promise and potei 
restrial life.” Without halting for a momei 
do the precise thing which Professor Yirchc 
be necessary. “If you ask me,” I say, 
exists the least evidence to prove that any 
can be developed out of matter independen 
dent life, my reply is that evidence consid( 
conclusive by many has been adduced, and 
to follow a common example, and accept 
cause it falls in with our belief, we should 
with the evidence referred to. But there i 
man of science a desire stronger than the wis 
beliefs upheld; namely, the desire to hav< 
And those to whom I refer as having studi 
tion, believing the evidence offered in favor 
ous generation’ to be vitiated by error, can 
Thev know full well that the ehemi t now 
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proof that life can Ihj developed, save froi 
antecedent life." * 

Comparing the theory of evolution with 
I thua caprone myw'If: “Tins hiutm of tho < 
Union eouemta, not in an experimental don 
tho aubjeei in hardly acuiownbio to this mod 
in it* general harmony with scientific thong 
tr»:«t, moreover, it tierivon cnormouH relative 
tho one Midp we have a theory, which com 
whom* garment tH neon in the viniblo unive 
tilieer, fashioned after tho human model, 
broken el for la, m man in neon to act. On 
wo have the conception that all wo nee arte 
within m* - the phenomena of physical aat 
those of the human mind- have their turn 
in a otMimical life, if l dare apply the ten 
tita! span of which is offered to tho investigi 
Among thinking pooplo, in my opinion, th 
tmn him a higher ethical value than that of 
tifleer. lie that an it may, I make hero no 
theory of evolution which tain reasonably l 
“Toil yearn have clapHed,” Haiti Dr. 1I< 
wieh in IStW,* “itineo the publication of 11 
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Italian edition. So far from Natural £ 
tiling of the past [fclio ‘Athomoum’ had 
so], it is an accepted doctrine with ah 
Hophioal naturalist, including, it will a 
stood, a considerable proportion who are 
admit that it accounts for all Mr. Darwi 
In the following year, at Innsbruck, Ill 
the same ground.' Another dee&de has 
he is simply blind who cannot see tho 01 
made by tlie theory during that time. ‘ 
ward and visible signs of this advance 
cated. The hostility and fear which st 
tho recognition of Mr. Darwin by his owi 
vanished, and this year Cambridge, ami< 
mation, conferred on him her Doctor 
Academy of Sciences in Paris, which 1 
Bmtcntly closed its doors against Mr. 
yielded at last; while sermons, lectures, , 
tides plainly show that even the elergy 
extent, become acclimatized to the Par 
brief reference to Mr. Darwin in the 
dress was baaed upon the knowledge tl 
lmd heen accomplished, and were still g< 

Tim! t.ltu urn nf Pft tfnaitit ir VirMwiw 


piiormmii vtitcmw and mvo 

IwsuotiH uf o*uti«>» which ho inculcates w 
by me, yearn before hitt voice wiut hoard tt] 
has Uh'ii proved in the foregoing pagtm. ] 
if 1m had preceded mo iimUuul of follow in? 
tUmiro had been to iiu’orj'orato hm winltvi 
I could n*>t have iKUHUnplmhod thiH more 
is possible, moreover, to draw the eoim* 
further, for most of whnt ho him Haiti &1> 
generation might have been uttered hy ti 
opinion that the theory of evolution in iti 
involve* th»' passage from matter winch • 
he inorganic into organized matter; in < 
v**1vi*h the assumption that at Home perioi! 
earth's hiHtory there occurred what w»u!i 
•• .jiontamouH generation.” I agree with 
{tfttiffff of it uru still wanting. ** W hoove! 
rail* to mind tlm lamentable failure of < 
made very recently to discover a decided 
yrumtth* m/uhmtt in the lower forum of 
the inorganic to the organic world will f«i 
riouH to detnaml that thin theory, nojutk 
should 1 m» in any way accepted an the bams , 
of life.” I hold, with Virchow that the fai 
lamentable, that the doctrine it utterly di 
..ulilnn here in HO well known that T 
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what I had said seventeen years previous], 
day Bo view." The Professor continues 
attraction and repulsion as exhibitions of 
cal phenomena, I simply throw the Psyoln 
dow, and the Psycho ceases to !>o a Psycl 
in passing, that the Psycho that could b< 
window is not worth house-room. At this 
lator, who is evidently a man of culture, i 
foot-note. “As an illustration of Pro! 
meaning, we may quote the conclusion 
Tyndall arrives respecting the hypothesis < 
offered as an explanation or a simplifies 
of obscure phenomena—psychical phenol 
them. ‘If you arc content to make yoi 
rendering of a phenomenon which refu 
ordinary physical law;,, I, for one, would i 
exorcise of ideality.’’” Professor Vireh 
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which, ulnrilj iiilorprrlcd, m atomic motion 
ii * am\ pr<>|»<igaU<d along the nerve, and mm 
liit* brunt* Agaw, <ni filling the filing I lii 
vndeutly ii wiii What hit* riiiiniiil this motion 
The eomniand from flu’ brain In remove the 
along the rnniur nerves In the proper munch 
fofre bring unlocked, they perform the WOl 
t»f ihriii. Hill wInil moved the nerve mot 
till It *«' k f*« I ill*’ muscle ? Tli«« Hemic of pain, h 
plied, Util Imw run 11 arum* of pain, or an t 
of r«iiiiiri«ni?iiiimfi s make matter inovn ? Not id 
jniiii or pleasure in the world could lift a nt 
a bitlmrdbn!!; why should it stir a molemi 
express the motion numerically in terms of t 
and tin? difficulty immediately appears, Hr 
long ago entertained by philosophers, but la 
into special jtrtottiiioiieti, that tit# physical | 
cninploW) itt llmmmlvm, and would go on jus 
if rnmmnmmmm worn not at all implicated, 
newt, on tl tt« view, is a kind of by-product i 
ttt terms of force and motion* and unessential 
locular changes going on in the brain. 

Kmtr ymm ago, 1 wrote than; 41 Do states c 
r it tor m link* Into th# chain of anfcecedi 
f|!ini4-i% which gives rise to bodily actions? £ 
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hold the automaton theory that states < 
produced by the motion of the moleeul 
this production of consciousness by i 
to me quite m unpresentable to the n 
production of molecular motion by c 
reject one result I imwt reject both 
neither, and thu« stand in the presume 
hensiblos, in«tead of one Ineomprahen 
cede from the automaton theory, tho 
friends who have all my esteem* and 
avowal which occurs with such \ 
throughout the foregoing pages; nam 
incapacity to grasp the problem. 

Tills avowal is repeated with empl 
to which Professor Virchow’s translat 
What, I there ask* is this causal com 
objective and the subjective between 
and states of consciousness ? My ansa 
the connection, nor sun 1 acquainted 
does. It is no explanation to say tint 
subjective are two sides of one and the 
Why should tho phenomenon have two 
very core of the difficulty. There lire 
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ifni wo nut f«tnii no prelum of the pr 
'rol*v i*«*ii mihiii'hh cmnrgos, cither m a necessary 
as iiti by prod not, of this series of net 

< r**v«’rn«» proorsa of the production of motion by 
UHtr^t i < f'fjniilly iitipriwfiiiiblft to the mind. \V< 
’ hi fart *oi the boundary line of the intellect, % 
ordinary uf science fail to e&tricatu m* T 

true to these omtoitH, wm must deny to subjective 
unm all inftueue© oft physical pniecsses. The 
inutl philosopher* tw mth % will never piano a stat 
irioitsneits iifnl a group of molecules in the rob 
never and moved. Ohservuiioit proves them to i 
1 1 tit i in passing from tint emit to the other* we : 
lank whirli tins login of deduction m tumble to 
i t tint render wilt rmtimulntr, m tint conclusion at w 
itl arrived more titan twenty yearn ago. 1 lay 
tariitgly tit© minimi tltflletilly of tit© materialist, 
him that lit© facia of observation which he const* 
il tuple nr© l4 almi»t m difficult to be seised ment 
he idea of tt soul. 11 1 go further, and my, in ©fled 
t who wish to retain this idea, u If you abandon 
*preta lions of grosser minds, who image the soul 
iyfffjit which could b# thrown out of the window- 
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then I, for one, would not object to th 
ity.” I «ay it Htrongly, but with goo 
theologian, or the do fender of thcolog 
not)urges me for putting tho question in 
of black ingratitude. 

Notwithstanding tho agreement the 
there are ourtain |x>ints in Professor "V 
which I should feel inclined to take < 
it was hardly necessary to aflsoeiato tl 
tion with Socialism; it may be even 
it was correct to do ho. Ah Lange r< 
Socialism, or of its extreme leaders, i: 
existing systems of government, and u 
them to this end is welcomed, whethe 
papal infallibility. For long years 
Church ami State united against the 
therefore regarded with a common hatt 
does a serious difference arise Itetwoou 
than a portion of tho Socialists begin ii 
with the former. * Tho experience ol 
elections illustrates Lange's position, 
truer to my mind than this fear of p 


|j*yoh«logi«al and ethical questions; and he cL 
bin countrymen a greater fearltsaanoaa of tho co 
toe* which a full knowledge of the truth may 
f along with it, than reigns among tho inquirer 


And why is thin the cawu 
n, l, vm»em distimnnshec 
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of half knowledge. A cheerfully labor 
jKJoplo —a people morally strong—oan 
truth full in the face. Nor are they t 
enunciation of one-sided theories, evei 
appear to threaten the Imiscs of aocio 
of Helmholtz are, in my opinion, wisi 
cable to the condition of Germany at t 
than those which express the fears of 
It will !hi remembered that at the tim 
chief anxieties were directed toward I 
haa since that time given ample ovidet 
crush, not only Socialists, but anti-So 
imposu on her a yoke which alto refuse) 
In close connection with these utteni 
I place another utterance not less nc 
was understood ami appreciated hy tin 
addressed. “If,” said the President o! 
edition in his opening address in Ihtl 
down Iwforehnud the precise limits of ] 
thu problem of physical science won 
solved. But the «|ueiition to which tin 
him often to addrecw himself In, not im 
able to solve this or that problem; he 
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\ {tower* rim rr^tnilifi If, tliili, 111 ft IlMIliltilll will 

« hum* Sf jtL***’<! mi ii {tlitfetelo from which ho in e 
to taim ji j i»r;4j»* mivo iisiiitiy of |)i« nuigti of mm 

to 1*^1 till » IliI !?*' mil «w from Iu.h vuntiigmgro 
i , u»’H ii {«imo ai» aftor M nun mg liin giao to tin? 

m of the litiri mis* mat after 4eief tiling the tuortt ill 

i 8 ! ! *h tin* *4 ohjr* f *, ho fi!.mi!4 give uttrnifiw ah 

%4 f hi* I!*! Jll e\»? iltliui wlurll !tO hi nui M 

*weii ing from ir/i -in if In- ;4ionhi 4< 

aloliUfM vi limit m-em tijmttiim to hi* view; if hr hit 
Luii why la* tIt iit mi iUtfi ii mere tfliml alley am! llu 
i fmflt; fh< fi the fault ft nit ihr hum won hi he niikt 

v f#i lintrn mtmt>f % awl temprmlrltj §& form 

ju*Ljtw nt *m what t*v hr or; tfa n ustmrtdip ii Av //y: 

*4 le i »# ##i?#i «III Ilf llo* riTPf o/ e*mfuitmiin<j mutt* r* 

mu Urn f/ op; afe/i, t/ wn fnitrd Id iIijctiwiiii fife het 
tw§Wj# fitwfiili mntuimd in mmk m dmcourm f am 

ni |/|«|| Ay Afcst fw/l till |M 4 f oft ll# iiirii# /ddltYiy / 1 

fltiiii largely agreeing with him I cannot quite am 
setting in which Professor Virchow place* the < 
nily abortive uttimipts to secure an experimental b 
the tfortriitii nf spontaneous generation* It is n< 

*ittt» * 4 so iliie»clitti ,> that some of the scientific thi 
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on, the planets were detached; and than 
is the residual nucleus of the fioccultm 
from which the planets were successive!) 
as we dellne it, was not possible for e< 
this separation. When and how did it 
already pressed this question, but have 
swer. 1 If, with Professor Knight, we 
account of the introduction of life upo 
poem, not as a statement of fact, where i 
guidance m to the fact? There does n 
possessing the strength of a cobweb to * 
pothesis which ascribes tins appearance oi 
tenoy of matter” which finds expression 
tioiiu* This hypothesis is not without r 
they vanish when compared with those 
its rivals. There are various facts in 
connected, and whose connections we an 
but we do not think of filling the gap 
the intrusion of a separable spiritual age 
ner, though we are unable to truce the 
from the nebula, when there was no lift 
the present earth where life abounds, th 
tico of science pronounce against the it 
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creative Inpoihesi.s m bm an assertion of knowl 
ei ii |ir*»ic»t the assumption of knowledge w 

4i if m»i always, 1m beyond us, and the clai) 

4 *h iii n notuve uf perpetual confusion.” At the * 
»\ wIn'll I luttk with strenuous garni into the w 
blem iifi far m my impurities allow, overwhelming 1 
in the predominant feeling. Thin wonder has eon 
from the lii^rn just m much m my understanding, 
urn iiu * qua! right to satisfaction. lienee 1 nay 
lidoiiiiig your illegitimate ehiini to knowledge, 
with JoU, your forehead iti the dust and nekn 
« tfm authorship of thin universe to be past fin 
if, having made this confession, am! relinquished 
#n of the mt idmiiieal theologian, you desire, for the 
»’ti *mi of feelings which I admit to be, in great ] 
m of humanity at large, to give ideal form to 
nr that move# nil things—it in not by me that 
f find objections rained to this exorcise of ide&litj 
m only consciously and worthily carried out 

Again, I think Professor Virchow’s position, in rej 
ill# queatiou of n mtwjium mdmntum is not ultoge 
I of tut# philoiopliy. He points to the antiquity 
doctrine. l# It In loft,” he my% u in the darkness 
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diflVrently to different minds. By some 
missed with a sneer; to others they will 
of genius on list? part of those who < 
There ara men, ami hy no means tin 
however wealthy in regard to fuels, cm 
the region of prineiples; and they are s 
nnt of those who ran. They are formed 
ously on the lower levels of thought, n 
pinions necessary to reach the heights, 
im the mental uet-4he nnt of inspiration 
cmllotl—hy which a man of gonitis, nCte; 
and proving, reaches n theoretic roueepth 
nnd illuminates the tangle of centum*# o 
experiment. Thorn urn minds, it may In 
who at the present moment stand in tlv 
Darwin, For my part, I ttltottld ha imd; 
penetration rather than to presumption 
mnUiffium mdnmtum . He who invented 
1 think, to \m hold in cmUnun; for ho he 
quantity of fact, and the moaituro of am 
justify a man of genuift in Inking m «tejj 
orthakaa/ 1 nays Profwtitor Yirohow, M n 
throughout a long lima to discover ill 
of disease, The sixteenth century did n 
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like t}§ 4 ? siiiiliiIfifury theory, luw boon n motive p 
imt mi iini«iv?i«% “Al luHt , 11 continues Proh 
(-1*0w, tin’ liififteenth eentury We have begun 

l»y tittle really to lliitl r ii ii If if/in iuiiuutitiT* Bo u 

ijtf»ro !stiiior t I in for, in duo to those who, throe < 
n In ndvuneo, m» jmt together the facts and nimh 
<ni,u'hoi i i\\nvmn iim to divine its root and churn 
u-mw Vn* imw seems to tlopreeatc the “obstim 
i w hjeh Ihi;! iit4 i» m i of ii mmltiijium vh'uni eiliei 
o I ; hoehl not Ini inclined to follow him; Lee.au 
not know, imr does Jill tell mw t how much the dh 
of hifi-i in fin.! liiiiokieiitli century ii indebted to 
ml im domed from the theoretic discussionii of prc 
centuries. The genesis of Moitmtiflo ideas is a mil 
uofound interest and Importance. He would he l 
r philosopher who would never modern chemistry i 
effort* of tli# alchemists, who would detach mo< 
fda doctrines from the speculations of Lucretius 
or who would claim for our pro 
wludgo of tsoningiii an origin altogether indepent 
to efforts of our “forefathers” to penetrate this enig, 

^iiinlly, I do not know that I should agree with I 
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of growth; and had they to «poak of tl 

they would bo able to announce an enor 
ing of the theoretic fibre. Finnuron in 
then exinted, and which loft little hop 
Bpanned, have boon mnm filled in* bo 
the theory i« tented the more fully d< 
with progrtwivo experience and dinoo\ 
probably never fill all the gapa; but tl 
vont a profound belief in the truth of 
taking root in the general mind. Much I 
a total denial of the theory. The man o' 
BitmoB in mmh a cum the ponitum of a 
be atranded and belated, The proper 
opinion, is to give to tlio theory during 
growth m nearly m poattlbb a pmjmrim 
if it be a theory which influence** praotic 
to follow itn probable BuggeHtionn whore 
ability in for the moment unattainable, 
the theory of amUujium vivum more - 
mind, and mu«t regret the attitude of d« 
FrofeBHor Virchow toward that theory, 
friend Klein* to pardon mo,” lie «aytt f 41 
ing the late ad vancca nimbi by ilie doeti 
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to be it m your bo widen duty 

it," I should cordially agree with him. Bn 
reserved denial lie tjuenehea th© light of pro! 
ought to guide the practice of the medical 

here and in relation to the theory of eve 

upon one aide In m begotten tmm& upon the 


Mom — An Imm Itutta mpmrnl, l*rof«mnar Vircho 

In fur i**» #i»«m*t n ptitlimt»ptnfr to U* nwtrictud by the 

In tiii critl<|ii« «? Or, IfMcM. In hit* mmnt dimmunm upon tl 
MuJ mmmtm ill# fet itie aoafciijfiiiffif” la ttia 

*'Ei «§it**a§it«t *pm h riiiitogliiRif A mum a?Ii» P«ft*k>gift di 
«hnrk«Mi mm fturuft »1 gm»4© quHl ait iwmW# jn 

iiii wrf»l#ni« qul cotstlont I® gorm* da gaffe 

jirfaitit m n |tmt ct»rclil 4 tttxrnr mt 
gftnn»P # Umk $ tilt. 
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Tin k meant so iiiciiiT 1 

T HE subject of this evening’* tlmcumma 

by our lain honorary uourotury.* Tin 
hm for mo iin own uonnotuiiona, 
among othnr thing#, tho !ohh of a cumnnlo 
I havo worked for thirteen yenra. On tlm t 
grot w not without it# opposite in thn foolii 
f have mm him ri»o by sheer tit tritium mo 
intellectual, to the highlit nftteiul position 
thn power of English Hciener to bestow. V 
constant desire ton) praetieo worn to promot 
ami extend thn usefulness of thin Institutim 
at a times wium lira oleetrio light oecupiei 
public attention, a low sound notion# rognr< 
morn purely Helen title Hide, might, to use 
expression, be “planted 11 in thn public min 


THE ELECTRIC LICET 


, repeating Volta's experiments, and extending the] 
uy ways. The light and heat of the voltaic circui 
•ted marked attention, and in the innumerable tests 
Is to which this question was subjected, the utilit 
tinum and charcoal as means of exalting the light 
all hands recognised. Mr. Children, with a bal 
passing in strength all its predecessors, fused plati 
os eighteen inches long, while “points of charcoal 
•ed a light so vivid that the sunshine, compared 
appeared feeble."' Such effects reached their cu 
ion when, in 1808 , through the liberality of a few n 
a of the Koytd Institution, Davy was enabled to 
tet a battery of two thousand pairs of plates, 
ich h« afterward obtained caloritlo and luminous of 
transcending anything previously observed. The 
Haute between the carbon terminals was four in 
g, and by its heat quart*, sapphire, magnesia, 
n, went molted like wax in a candle flame; v 
(merits of diamond and plumbago rapidly disappe 
if reduced to vapor.’ 

The flrst condition to be fulfilled in the developn 
heat and light by the electric current is that it e 
winter and overcome resistanoe. Flowing throng 
r «*«t conductor, no matter what the strength of the 
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THR KLKOTR1G LIGHT 


F«»r seventy years, then, we have been 
of ihiH transcendent light without applying 
inimitimi of our street* and houses. Suet) 
suggested themselves at the outset, but thei 
tliflVultin* m their way. The first difficult 
the waste «*f the carbons, whieh are dissipate 
ordinary combustion, ami in part by the ek 
«*f matter from the one curiam to the other, 
carbons at the proper distance asunder re$ 
devised, the earliest, I believe, by Staite, a 
emveseftd by Dubose* j, Fouuuult, and Serri 
beroi succeeded by llniinc*, Siemens, Brov 
Gramme, lemtin, and other*. By such arra 
first difHcwlty wo* practically overcome; but 
graver one, i* probably in*eparable from the 
of the voltaic battery. It arise* from the 
that inexorable law which throughout the i 
verso demands an eye for an eye, and a tooth 
refusing to yield the faintest glow of heat o 
light without the expenditure of an absolutely 
tity of some other power. lienee, in practice 
btlity of any transformation must depend up 
of tint product in relation to tliat of (he powt 



FRAGMENT® OF BCIENUE 


warm tha air. Thn zino burn* at tint foot 
flamo, ami wa ootihl ram lily rintormims tlui 

goitoftitetl by it# romhuntion. But mitt can 

only in uir, hut in litjuuln* It m tliui bur 
uluterf watt *r k pouruti ovor it; it in uko 
flu' voltaio hattary. Horn, Imwuvor, to cj 
gau uuaustfary for it h uombuation, tint mtu 
tha bytlmgott with whtolt tint oxygon lift < 
ronnutjiumuo k that tho litlilt dun to ilia 
thu inatal In tint lii|iiitl fnlk abort of that 
ft# auffiluintbii iff mr* hy tin* uxaat fftfittii 
no pure to tho ovygatt from tin 1 byitfoguii* 1 
of thu total hail lira usoil up in thk iitolat 
oxu-vtUth rwifiifttffig to warm tlui battery, 
ranitlfiii that wit intuit now ilx our attention, 
out of it that wa iiumufiiatura our iilnotria 
llafi »ru you nro two hi uni l voituiu hatter 
aiiatt. Tint two iuuli'4 of o?iu of thorn itfo ni 
r*ij»ju*r wins whiln inlu tint circuit of tii 
platinum wire m mtrotluan*L Thu platiuui 
white liant, white Ihtt ea|>{mr wire in not m 
Mo w tin on flan of %itu\ Ilka an otitioo of 

lif if#i complete rnmhuatmii in air n aonat 
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aide. One of the fundamental truths to be 1 
is that the sum of the foreign and domesti 
ternai and internal—heats is fixed and invari 
to have heat outside, you must draw tifxm 
in. Them* remarks apply to the eleotrio li 
intermediation of the electric current the mo 
*tt tic baMery is not only earried away, but 
no ns to produce, at. any distance from its 
next in orijer to iitnt of the sun. The 
therefore }*e defined tin the swift carrier of 
mg itself here with mvisibio power, by a pr< 
noifation wlueh outstrip the dreams of the 
e »ii discharge its load, in the fraction of a « 
and heat, at tint opjwaito side of tho world. 

Tims, the light ami heat produced outsit 
are derived from the metallic fuel burned is 
tery; and, as vine happens to Im an expensiv< 
we hare possessed the electric light for nr 
only years, it has been too costly to come 
use. Hut within these walls, in the autumn < 
day discovered n new source of electricity, w 
now to investigate. On the table before mo 
covered copper wfm, with its ends disunite* 
rid>* of the coil from the table, and in doing 
mu cutar effort necessary to overcome the 8 
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mained separate, had no circuit through 
pass. The current here evoked subsides 
heat; this heat being the exact equivaler 
of effort just referred to as over and abov 
to overcome the simple weight of the c 
coil is liberated it falls back to the tab! 
ends are united it encounters a resistance 
that of the air. It generates an electric 
in direction to the first, and reaches the 
minished shock. The amount of the din 
ratelj represented by the warmth which 
current develops in the coil. Various d 
ployed to exalt these induced currents, a 
instruments of Pixii, Clarke, and Saxton 
spicuous. Faraday, indeed, foresaw tha 
were sure to be made; but he chose to le 
hands of the mechanician, while he him? 
deeper study of facts and principles. U I 
writes in 1831, “been desirous of discos 
and new relations dependent on magnet 
tion, than of exalting the force of those i 
being assured that the latter would find 
opment hereafter.” 


TUK Kt.M TRtr UOUT 


itinij «,f mnu<r by a powerful magneto-nit 

■Inlift <*»m 4rw« If»«l hy M. Nolift, it in oxygen ami 
ttr^^mry tor iSitt It ill tt light Thu experi 
4 # toft th«* uppnniiti* tij wliinli it wim attempted 

ml l<t Mr, IImIiiii*^ other mini more hopeful npj 
>#. Atountoning ilia attempt to produce the lime 1 
i jwowvenng td ill Holmm continued In improve 

aniltw mi*! In fititmt^iil tin }m> wer, until il wan Hi 

* to yield a tiiiigitiio rl**<irt« light comparable to 
lm voltaic buttery. Judged by Inter knowledge, 

* iimrlum* Woiiht lw» comddemd cumbrous ami defc< 
lilt! extreme; lull judged by the light of it niece 
nt* f it marked ii pleat st<«p forward. 

Karadny mm profoundly interested in Urn growth oj 
i discovery. The Elder Itretlmui of the Trimly 11 
hm! the wisdom to make liim their “Soientitte 
•r M { and it to ifitomtting to notice la hi® report® mg 
tliii light, tlifi min tore of tiiiliwiwm and caution w 
ftniteriwstl hi in# Kitthnataatu was with him a ino 
t% guided and control tod by a disciplined judgm 
riiilo it m n charger, holding it in by a strong r 
ita doling with Holmes, ho Staten the cane of the 1; 
ami mm* If« check# the ardor of the inventor, i 
wards cost, injecting sanguine estimates, he itm 



448 


FRAGMENTS OF SCIENCE 


house, and apparently three or four times 
horizontal plane in which they chiefly 
made all above or below it black. The i 
the churches, and the houses illuminated 
ing in their effect upon the eye.” • Furtl 
port he expresses himself thus: “In ft 
part of my duty^ I beg to state that, in r 
fessor Holmes has practically established 
sufficiency of the magneto-electric light foi 
poses, so far as its nature and managemei 
The light produced is powerful beyond ; 
have yet seen so applied, and in princip 
mulated to any degree; its regularity i: 
great; its management easy, and its caj 
confided to attentive keepers of the ore 
intellect and knowledge.’’ Finally, as ] 
duct of Professor Holmes during these m 
ments, it is only fair to add the follow 
which Faraday closes the report submitl 
Brethren of the Trinity House on the 29t 
“I must bear my testimony,” he says, 
openness, candor, and honor of Profess 
has answered every question, concealed 
explained every applied principle, given 
a change either in this or that directior 


r uk r.i9grrkro umtr 


t»o liiiil fire turn ’lii^^iit - courage to establish the 
m *4 Hi4t§§rn | «»ri ?iim*4*»?itty nt Dungene&K, where 
in*!.* u* 1*^1 if fi/i)ni,iniiwl to gltiuw for many y 

Hie t«* rift *tri«#e ui arliitto of the Alliance Com] 

i #4!if‘rro*tr4 i<i t hut z. of Holmes, being in various ’ 
cry murled iifij vrnv/full ut on the latter. Its curs 
e ntn>\n**'r a ml tU wnt* brighter limn thorn) o 

!» it, in** uv« * ver, the commutator, the f 
iin4 *b ^fi n^tiet* (if wUicfi were sources of irreguh 
«leL»*ra ^ration n i tWit* * muclnti** of Holmes, wan, at 
r oo4i*m of 11 entirely abandoned; ultt‘ 

< nrr§ a fa neiteiiil of ilu * direct current Iming emplo 
S«-rriii mod ilk I \m in v.ixcclhmt lamp with the exj 
% of ettttiiittiir it ti K*opi! with alternating cum 
sup# ibo liilonifitb mil Kxhihition of 18112, where 
>hsim *s> shmvm.M. 1 Icrliox offered to dispose of 
iition In tti« Milt ir Hretlirwi of the Trinity He 
y referred the ntwmtier to Faraday, and he replica 
mm: **l iiiii tint, that the Trinity House autl 

|ia%ii Htlvamwl m> tr m to he able to decide whe 
f wilt require in*ore magneto-electric machines, 
if they hIhhi tId require them, they sec reasoi 
mm the m»mm oT famr supply in this country, f 
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Trinity House, determined to have the 
apparatus, decided, in 1868, on the intrc 
chines on the Alliance principle into the 
Souter Point and the South Foreland, 
were constructed by Professor Holmes, anc 
tinue in operation. With regard, then, to 
of electricity to lighthouse purposes, the ( 
was this: The Dungeness light was introdr 
31, 1862; the light at La H&ve on Decern 
nearly two years later. But Faraday’s es 
at the South Foreland preceded the lighti] 
by more than two years. The electric ligl 
established at Cape Grrisnez. The light 
Souter Point on January 11, 1871; and at 
land on January 1, 1872. At the Lizard, v 
newest and most powerful development 
light, it began to shine on January 1, 18" 

I have now to revert to a point of i 
moment, but which really constitutes an 
in the development of this subject. I re 
given in 1857 to the rotating armature 
Siemens, of Berlin. Instead of employi 


thk Kwritic uaur 


^r* iiml between fh^ir poles ii Siemens armature. 

fujiln of Urn wins whit'lt Hurruumin the armature 
’ tUm'timwvUnh fu turning the handle ami eat 
firittiittifri in rotate, I simply overcome ordinary 
meal fririnui. Hut the two ends of the armature 
he muted in a moment* ami when thin is done I it 
$4y experience n greatly iurreusud resistance to 
, Something over mat uhove the ordinary frieth 
iniieliiiie n< now t*.i lie overruling and hy the ex pi 
* of ftti inlilitiitiiiil amount of muscular force I am 
ovemmie it, The excess of labor than thrown i 
urm hm its exact equivalent in the electric cur 
efmtedj atnl the liisat produced by their subsidenc 
eiiil of tins arittfituftt, A portion of thin heat ma 
ltirnd visible by turn nee ting the two ends of the 
i a tinn ftltilifttiiii wire. When the handle of the 
t« m rapidly tumml the wire glows, first with a 
ilia with » white heat, and finally with the hea 
nit. Tk® mmmnt the wire malts, the circuit round 
Itttfi ii broken, an instant relief from the labor thr 
it the arm being tlm roiisri|urnrt\ Clearly realize 
valent of thr hr;it here developed. During the pc 
urning th«* machine n certain amount of combust 
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between the voltaic buttery unci itn gttiaei 
eleetrio current m to nil hitenta and pit 
which tratiHporta tint hout both of munch 
any dintanue from the hearth whom the b 
Not only \n the eurrtmt u uiuHHtmgur* but 
tonnifmr of magical power* The tom pern 
in, in round numbers* 100° Fahr. t mid it i 
Hcation of thin heat that one of the moat r 
aln, which ret ju iron a boat of Full 

been reduced to tlm molten condition. 

Zinc, m I have Haul, in a fuel fur too e 
init of tho electric light prodtimdl by it« r 
used for tho i'oiniiioii purpoiwtt of lifti, and 
perceive that tlm human muHttluH, or mm 
u borne, would b© more expeimive tilalL 
wo can employ tho force of burning coni 
chine, and it in thin employment of on 
rendered poanihle by Faraday *n diaem n 
out to UH tho proapeel of being ublo to u 
light to public tim.!. 

In 18611 a great atop m the mbsttmiltsj 

aurroutM, and the comiw|mmt niigiiMiiittitioii 
elee.trie tight* wiw taken by Mr, Henry V 
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lurii ountniUt were obtained vastly stronger than i 
ipnitiiil hy tliti small imigm^tomleotrio machine. 1 
might Imvo Imett immediately employed to 
*«* the ideol'fie light; but instead of this they 
id tie tod r«»tiitfl ii second electro-magnet of vast 
wwii win* m fi»les rotated a Siemens armature of 
ponding dimensions. Three armatures therefore wer 
ved in this is^ries of operations: llrnt, the armaiui 
si mi It magneto electric machine; secondly, the a 
* of the first idee im* magnet, which wan of eonsidei 
>; find* thirdly, the armature of the second electro-) 
which win* of vast dimensions. With the cun 
wit from this third armature, Mr. Wilde obtained 
s* twitli m regards heat ami light, enormously 1 
iditig those previously known, 1 
lint the dniciocry which, above all others, brought 
•tienl •jnesfion to the front is now to be console 
tlin lilt of February, 18117, a paper was received 
Hnyiil Society from Dr, William Siemens bearing 
t #l On tint Conversion of Dynamic into Electrical V 
mttt the use of Permanent Magnetism.” * On the ! 
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of February a paper from Sir €hiirk» W 
orived, bearing the title, 44 0 n the Augi 
Bower of a Magnet by the roootion the 
induced by the Magnet itmdL” Both pti 
with the name dinoovery f and which we 
experiments, were read upon the name 
II th of February. It would Im dtflloitl 
whole Held of neumeo i$ mom beautiful m 
te motion of natural force* titan that not f< 
paper#' You can hardly find a bit o 
hardly pick up an ol«l horwaitoo, for exi 
not immom n truce of permanent iitngti 
mudt a wtiifcll beginning Biomtmn and 1 
taught m to me !ty 11 aerie* of interiiotiti 
net mid armature to n mngnetio In tomtit; 
npprouehed. Omieeive the BimftMtR army 
tween the pole# of n suitable tdeetro-m 
tlii# latter to pt »##<*#* at nturliug the faint* 
neiiam; when the armature rotate#, cam 
mid strength are generated in it# eoib 
thnt noil be tiotmtv.tetl with the wire 
eleetro* magnet The iiiflnihmiiiiiil eurre 
the armature will then cirruluto round t 
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Y this play of mutual give and take between maj 
id armature, the strength of the former is raised i 
iry brief interval from almost nothing to complete n 
stic saturation. Such a magnet and armature are abl 
uduce currents of extraordinary power, and if an e 
ic lamp be introduced into the common circuit of n 
:t and armature, we can readily obtain a most powei 
jht. 1 By this discovery, then, we are enabled to av 
e tiouble and expense involved in the employment 
rmanent magnets; we are also enabled to drop the 
ling magneto-electric machine, and the duplication of 
jctro-magnets. By it, in short, the electric generatoi 
far simplified, and reduced in cost, as to enable e] 
ity to enter the lists as the rival of our present me; 
illumination. 

Soon after the announcement of their discoveiy 
mens and Wheatstone, Mr. Holmes, at the instance 
5 Elder Brethren of the Trinity House, endeavored 
•n this discovery to account for lighthouse purpose 
ready, in the spring of 1869, he had constructed 
chine which, though hampered with defects, exhibit 
raordinary power. The light was developed in t 
us of a dioptric apparatus placed on the Trinity Whs 
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of Holmes, however, was rapidly distance 
and more powerful machines of Siemens a 
As regards lighthouse illumination, the 
ward was taken by the Elder Brethren 
House in 1876-77. Having previously c 
establishment of the- electric light at the 
wall, they instituted, at the time referred • 
series of comparative experiments wherei 
of Holmes, of the Alliance Company, of ! 
Gramme, were pitted against each other, 
and the Gramme machines delivered direc 
those of Holmes and the Alliance Compai 
temating currents, The light of the lat 
same intensity in all azimuths; that of 
different in different azimuths, the dischar 
ulated as to yield a gush of light of spe 
one direction. The following table gives : 
dies the performance of the respective ma 


Name of Machine 

Maximi 

Holmes . • • • • 

1,523 

Alliance . • • • • 

. 1,953 

Gramme (No. 1). . . . 

. 6,663 

Gramme (No. 2). . « • 

. 6,662 

Siemens (Large) .... 

. 14,813 

Siemens (Small, No. 1) • 

. 5,532 
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'Thi'fW* determinations wore made with extreme care 
ttrnoy by Mr. Douglass, the ongineer-in-chief, and 
rm, tho assistant engineer of the Trinity House. I 
otienlly impossible to compare photometrically and 
tly tho fliune of the caudle with thcRO sun-like lig 
light t»f IutennediaUi intensity—that of the six*v 
oily oil lamp—wan therefore in tho first instance c 
md with t!ie electric light The candle power of the 
ip In-tog afterward determined, the intensity of the e 
t light l«-c!unit known. The numlxjrs given in the ti 
>vo tho nujteriority of the Alliance machine over 1 
{{ohm s. They prove tho great superiority both of 
amme itim-hiim ami of the small Siemens machine < 
i Alliance, Tim large Siemens machine is shown 
Id a light far exceeding all tho others, while the c< 
of two Uramtmm, or of two Siemens together, 1 
• i f..r the fit t time, was followed by a very g 
t'oteittati'>n of the light, rising in the one case f 
r.;t i iti!«lh'i to 11 .fil'd, ami in tho other case from ft 
mile* to 11,1,'tl. Where tlm arc is single and the 
ntd r< ni -titneii small, great advantages attach to 
itmt-tiii light 

After this contest, which was conducted throughou 

m« iiti*liiititif*. Sitiintiiii, machines of tvne 
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Jablochkoff candles on the Thames Embai] 
the Holborn Viaduct, delivers four currents 
through its own circuit. In each circuit i 
through which the current belonging to the 
in succession. The lights correspond to s< 
ing spaces, over which, as already explaine 
has to leap; the force which accomplishes 
that which produces the light. Whether th 
be competent to pass through five lamps in 
to sustain only a single lamp, depends ent: 
will and skill of the maker of the machim 
guide him, definite laws laid down by Ohm 
ago, by which he must abide. 

Ohm has taught us how to arrange the 
Voltaic battery so as to augment indefinit< 
motive force—that force, namely, which ur£ 
forward and enables it to surmount extei 
We have only to link the cells together sc 
rent generated by each cell shall pass tl 
others, and add its electro-motive force 1 
the others. We increase, it is true, at the 
resistance of the battery, diminishing therel 
ty of the current from each cell, but we augn 
of the integrated current to overcome extern; 


the electric light 

ll»n iho of thin wires, tins convolutions of the rota 
n.Uuiv a moment ago, we augmented the cells of 
!t« * buttery. ha«‘h additional convolution, like c 
iltii .jtal coll, jn 11 1 m its olci'tm-motivo force to that of 
others; and though it also adds its resistance, thcr 
oiui ddng tho quantity of current eontrihutod by e 
ui«diitinii, tho integrated cunvut becomes endowed v 
* r ..f h-ajiing across tlm sue,connive spaces ne 

t lor lie ] .induction of a ncrii-n of lights in its con 
irt tntnmt bo itw it wtin*, rendered at once thinner 
n% \' u by ? b© Hiitittlteuieous addition of internal 

? rh'.’in^iyotivis power, The tmeddnes, on 

*'** band, ttfihli limitin' only a Mingle light hav 
*d) ioi^’i ua\ n ’jitmu'v mmvmUA with a small elec 
lit minlt machines tho wire of the rotal 
;-ii' m nnn|ntmtivoly short. find thick, copper rib 
% 4 * ( f me being commonly employed Snob : 
i♦ ** *1 hrrr n fnf§?» quantity of electricity of low i 
m 111 nth. r of tow leaping power, Ilei 

mi eli iom/} pt u* ,iii, when their power is converged u; 
'iul« infMuil, to jimlimc! one splendid light, their t 
il*i mm tumble to ft♦ i'i*i* n passage when tho ntunbei 
mi 4 „b U inrii’owith Tims, by augmenting the eon 
bins iif t»«f wn wierillee quantity and g 
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we want to obtain in the same circuit sev 
. moderate intensity, machines of high intei 
and of correspondingly high electro-motive 
be invoked. 

When a coil of covered wire surrounds : 
the two ends of the coil being connected t< 
alteration of the magnetism oh the bar is ac 
the development of an induced current in 1 
current is only excited during the period 
change. No matter how strong or how wea] 
ism of the bar may be, as long as its cone 
permanent no current is developed. Goncei 
pole of a magnet placed near one end of • 
moved along it toward the other end. Du 
of the pole’s motion there will be an incess 
the magnetism of the bar, and accompanyin 
we shall have an induced current in the sur: 
If, instead of moving the magnet, we mov^ 
its surrounding coil past the magnetic pole, 
teration of the magnetism of the bar vrill 
similar current will be induced in the coil 
here the fundamental conception which led 
to the construction of his beautiful machine 
at giving continuous motion to such a bai 
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' •Mimiiiinling the ring flowed in opposite directk 
i% il wtm mmy f by the mechanical arrangement calle 
i*\ gather up the currents and cause them 
it in tint mum direction. The first machines of Gram: 
*Mow, fiirninlied tlirrrt currents, similar to those yiel< 
tint voltaic pile. M. Gram me suhscquently so modi 
i iiimiliinti m t»> produce alternating currents. Such 
Hilling iiHioltnirjt uni employed to produce the li<j 
w oahilut* d on tlni Ilolbora Viaduct and the Thai 
nlwifil Kituif. 

Au'*lh* r Mucliifie of great id hr* (id merit is that of 
!i j« rj’iiUm in stiapo a toothed iron wheel, 

!i) 1-* it j it* d m cores, roitinl which are wound coik 
p . r The wheel is caused to rotate between 

p*> p p,A t i*f powerful electro-magnets. On pass 
• li pol*« i fv#. .re or tooth is strongly magnetized, , 
s ?.*uilv i \ ;i in its atirrontuling coil an induced < 
nt */ corresponding Ptttuigflu The currents excited 
j, ,» 4 . 1 '* > to and retreating from a polo, and in pass 
*U-n ni | <h % in*s\i5 in opposite directions, hut hy me 
II I «*,* ,um*c>r these conflicting electrio streams are gi 

■of up sisi 1 i at!red to flltW III li COUUHOn bed* TllO h 

u*\ iii %%h>if the current* are induced, can be so 
■ in number m to augment indefinitely the powe. 
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The Farmer-Wallace machine in also an 
great power* It consists of a eomhinntion < 
induced currents, ami of inducing electrc 
latter being excited by t!m method discovert 
and Wheatstone. In the machines intendm 
duotioil of the electric light, the ekmtro-nmf 
great as to permit of the introduction of mr 
the game circuit A peculiarly novel feature 
Wallace system in the shape of the carbon 
rods, two large plates of curbons with hove 
employed, one above ilia oilier, r Flie elec 
pusses from edge to edge, and shifts its post 
m the curium in dissipated. Tint duration * 
thin case fur exceeds that obtainable with 
myself mam four of these lights in the tin 
Mr* Ladd's workshop in the Oily, and tin 
believe, employed at the Liverpool Btro 
the Metropolitan Hail way. Tim Fanner- W 
tity machined * pours forth a flood of elec 
tension. It is nimble to cross tlm inlet 
for the production of the electric light, h 
thick copper wires. Wlititi tstitil through 
of iridium, this refractory metal emits it lie 
dinary splendor . 1 
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I /mg flu* magnets of tin. Alliance Company 
«li y*m\iuni of 1 11 h hohhins, M. do Moritcns ] 
«pplit magnets a light equal to that produ 
magnets in flits Alliance maelmiofi. Whi 
oeenpird in only one-iifth, the cost in lltt 
<m>-f»»urth <»f tlto latter. In the Do Mori 
|1 h» **inimninfttr in abolished. The internal 1 
prm-M M*% mill the absorption of power, in rc 
riT»-. fit produerih in small. With h‘m larger 
»le Jderitens maiutaina a considerable mini 
in the name circuit. 1 

In rrbifi»»u to thin subject* inventors 
chosen, th** contrivers of regulators and tin 
id iM.irlisu* ^ M, KupiciT h m hitherto belon 
f*»ri4 *>f the first class, hut I have reason to 
\h i' 11 e, 1 ; f * * 1 1 on n machine which, when comp! 
hnu in flit? other ti!fifi?t also. Instead of two 
r**d.H f M, IhipiefT employs two pairs of ro 
filming ii V. The light m produced at the 
tii»n *»f iIni four carbons. The device for : 
h.-h? iii of the simplest diameter* At the 
fit.>ui• 1 which supports the carbons are two 
in v/nriA One of lliotit, when the current 
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Through tha liberality of the prop 
‘ 4 Times ,* 1 ovary facility him been given t< 
davalop and simplify hi* invention at 
Scpuiru* Tha illumination of the pram* 
had the pleasure of witnessing, under t 
M. Kapioff himself, m extremely effectual 
to tho eye. Thera are, 1 believe, live 
same circuit, and the regulators* are . ■ 
the extinction of any lamp dot!* not o 
action of tha other*. M. K&pieff bm late! 
regulator* 

Many other inventors might hern be mi 
otitM arcs daily crowding in. Mr* Warder 
long known in connection with this mihjt* 
m negative? carbon a disk, and m pccilftvt 

lie Inns, I am amtinal, obtained very Hath 
The small resihtanceM brought into plnv by 
enable Mr* Werdermnmi to introduce a m 
into n circuit traversed by a current of 

tdectro.inotive power, M, Itoynh r in also 
ii very bountiful little tump, in which tki 
earlion rod, properly inljiwtutt, t* caused u 
ou inference of n carbon wheel which roll 
the point The light is developed at the j 
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<•) < ami by ingeniously discharging a 

ri.M water ui'iiuiHt tlu> interior of tho cone. 
< ' , TI"‘ r !;4 t 1 "** ‘-finwHl U> remain fixed in sp 
do^ipittoi), the punitive carbon only nee 
1 have this lamp in action, and can be 

lt#l fiilirpfiN, 

1 iniL-bt ,«•» mi to other inventions, achi 
j.’i-i.-.l. 1 ndi'i-d, there in something bewild 

r*-. rtii hi b ..f .'iiiiHtnictive talent into this d 
pin-.! ele. iri.'ity, The question and its pronp 
fr.»m day to «tiiy, a aloady advance 
Ii»v 4 iir 4 flu* isiipmvimnnit both of machines ar 
Willi omard u* tiiir public lighting, T Htrongl 
i»j j iHh»is tl.nl i\w i*tt*rfri<! light will at no dit 
iiii!|-h M\i*r gan, f mu nut bo Btire that it i 
i»nr pm .si*' houmvn An, however, I am anxi 
'ir* 1 ]'!'!"!' a \mrd hero flint could influent 
111fti i»* t in flic filtfihtot degree, I limit nr 
pmr’ial 'iffiimiriit <>f opinion. 

T»* Hi » 4 inventor in particular belongs tho 
id* .i» and the realization of the i<loa, of cam 
}m« } r* *« i lam i away like a nan die. Tt h 
mis fhat l hern refer to the young Rtiasiai 

J 1 1 , a ■ I, V , ill' !fn<t twt% Cftrhon mil« mined 
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substance between them melts like the wax c 
The comparison, however, only holds good foi 
melting; for, as regards the current, the insula 
is practically inert. Indeed, as proved by M. ! 
Mr. Wilde, the plaster may be dispensed with 
the current passing from point to point betweei 
carbons. 

M. de M&itens has recently brought out 
die, in which the plaster is abandoned, whi 
the two principal carbons is placed a third in 
of the same material. With the small De M 
chine two of these candles can be lighted 1 
they produce a very brilliant light. 1 In the , 
candle it is necessary that the carbons should bi 
at the same rate. Hence the necessity for altei 
rents by which this equal consumption is secur 
be seen that M. Jablochkoff has abolished regn 
gether, introducing the candle principle in then 
my judgment, the performance of the Jabloch 
on the Thames Embankment and the Holborn 
highly creditable, notwithstanding a considerab 
light toward the sky. The Jablochkoff lam 
be added, would be more effective in a st 
their light would be scattered abroad by tl 
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proposed constructor, and to talk the ma 
him. Tim study of the inventor's mind w! 
opened out was nlway h of the highest inte 
jiiiriitoihirly well nemunher the impression : 
trn m<*h omtHionH by the lute Mr. Darker, : 
inotioinriit maker iii Lambeth. This ma 
nu nu\.?h\ ttttd tin* reason of it was not fai 
nooo r hi*\v I'umiiimvifilly lucrative the woi 
im ftiu-i enmmrd might. 1 u% ho would instai 
lr**m it to ioizo and realize the ideas of a 
Ho iiiid an inventor’s power, and an invcn 
it % v%ru me, The lute Mr. Booker posse 
l».»^rr in a very eoimidoriiblo degree. On 
l»i«»m»ni, Bregunt, Smmrwald, ami others 
tomed iin eminent titpitittoes of ability of tl 
111! 11 * 1! f fejir in hit' n liquid on tho point of 
Sun. >i l<v a hint, crystal* of conistructivo 
<imi. lv through thorn. That Mr. E 

thm uitui!)vo jtuwvr in no common moasur 
% juii he hiss* already nccomplisduid. IIo h 
t). in 1.1 ni'sxo tins rtdiitionsddp of facts and 
thi’ ail i«» ml sirs* them t<> novel and cot 
iiiiDji !lottt a t% though ho hast thuH far aooc 

mv- that WO tain roeogniws as now in relati 
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heat. From one end of a voltaic battery 
dividing at a certain point into two brand 
unite in a single wire connected with the oth 
battery. From the positive end of the batte: 
passes first through the single wire to the ] 
tion, where it divides itself between the bra 
ing to a well-known law. If the branches 1 
sistant, the current divides itself equally b 
If one branch be less resistant than the oth 
half the current will choose the freer path 
law is that the quantity of current is inverse! 
to the resistance. A clear image of the proc 
from the deportment of water. When a ri 
island it divides, passing right and left of 
and afterward reuniting. If the two branch 
in depth, width, and inclination, the water ^ 
self equally between them. If they be uneqi 
quantity of water will flow through the more 
And, as in the case of the water, we may 
definite number of islands, producing an i: 
division of the trunk stream, so in the cas 
ity we may have, instead of two branches, 
of branches, the current dividing itself am 
accordance with the law which fixes the re’ 
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niir*Mjinr*ii4*il wifli tin* water-pipe#, the eir 

plot** and m* current will flow; hut if m 
mmn, linwimt «Iit front the battery, bo < 

tin* adjacent wnler pipes, the circuit will be 
the eiirrrfit will (low, Supposing our bat 

("h mii|.r i' r «mud mir n »l of copper to be 
thie Smucrel House, it wire call be carried 
min t\iv building, mid the current panning 

wife may be mihds\ ided into any number < 
branch cm, which reunite afterward and returi 
waler pipes lo I in* Imtterv. The branch cu 

nsupUtycil fo mine to uvtd imuutdcHccnce 

iinUiil like iri* 1 i 14 nr *»r one of its alloys, 1m 
tupped nl one point, our main may he tappe 
1 1 re* i putnte. The current will divide in str 
with law, j!i* power hi prod mm light being 
by ii#i strength. Urn proems of division do 
the d fern lit ti«fi of the blood; the electric 1 
the outgoing current representing a great nrh 
jiijioh carrying the return current represent! nj 
while illii intermediate branches represent th 
no In by winch the blood is distributed throng 

Tfiiif if I understand aright, in Mr. Edit# 

* 11 «ft ♦ i *P»|« 


470 


FRAGMENTS OF SCIENCE 


the intricacy of the practical problem, I s' 
prefer seeing it in Mr. Edison's hands t< 
mine. 1 

It is sometimes stated as a recommendati 
trie light that it is light -without heat; b 
this it is only necessary to point to the 
Davy, which show that the heat of the v< 
scends that of any other terrestrial source, 
from the carbon points is capable of acc 
To simplify the subject, we will take the < 
num wire at first slightly warmed by the cu 
gradually raised to a white heat. When fii 
wire sends forth rays which have no powe 
nerve. They are what we call invisible rayi 
til the temperature of the wire has reachec 
Eahr. does it begin to glow with a faint, r 
rays which it emits prior to redness are all 
which can warm the hand but cannot excite 
the temperature of the wire is raised to v 
dark rays not only persist, but they are ei 
mented in intensity. They constitute about 
the total radiation from the white-hot platini 
make up nearly 90 per cent of the emission, 
electric light. You can by no means have i 
carbons without this invisible emission as 
ment. The visible radiation is. as it, were. 


the electric light 


.noornm? in power, The transparency of th 
yjiM-i ;ui«l metalloids - — of oxygen, hydrogi 
ehlnnmn bromine, sulphur, phosphor 

of our!**»ii, lor the invisible heat rays is € 
1 Ij’■ ^ 4v*-*! in n proper vehicle, iodine cuts tl 
iliiitioii 4uifp!y off, hut allows the invisible 1 
sum, Hv dissolving iodine in sulphur, Pro 
ha* recently added to the number of our < 
filter* Tim mixture mav be made as black 
the \ Hitil«\ while remaining transparent for 
rav* ity simh tillers it is possible to detach 
rnvs from tin* total radiation, and to watch t 
tiile»?t .is the light increases. Expressing * 
friiiu a jilnfiniiiii wires when it first feels 
tonrli when, therefore, all its rays are invi 
number 1, the invisible radiation from ti) 
niHe#I to it white heat may bn bOO or more 
fhett, by the tiifiiiiitttion or transformation 
luminous emission that we obtain the luminc 
rays maintain their ground as the neeessar; 
iiiui companions of tlie light rays. When < 
eoneiifitnited, these powerful heat rays can pr 
effect# iwiirttiini to the mirrors of Archimedes 
nf KvrueIIflO, whii« incompetent to prodnei 
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In thin way tho chirk ray# tuttiitutl by tins 

carboim arc converted into light rayn of all 
bo powcsrloHH arcs tiums invimbh* r*iyn to oxrii 
1 he oyo luifi boon jdtumd tit a fomm uouijh 
platinum foil to bright tmltwm, without oxjm 
viniml impriwion, bight for light, no <1*uibt 
of boat imparted by fltu incundoHivut rtirboiw 
far b‘HH than that impartial by ga* IIiuiioh, I 
uauHo of tho Hiimllor nmo of tin* imrlioii« f ami 
punitive HiimllmutH of tho quantity of find **» 
given time, It \n fittm 1mm btvauHo tho mi* 
irate the eurbom* iim it pouoiratoa a tirnsio, 
turn of the flame in hovered by tho adtm M 
wltieh roiiH-ttltiloa four lifilm of **ur utfmeqdier 
while it appropriated unit ililf'nnnii tho Smut, 
in the rombuHfioti ; simt thin hovering of tin* to 
the inert ntiuoMpliiuit* nitrogen render* mmmm 
buHtion of a greater amount of pin- m pr. m1u< 
nary light. In beet, though tho statement 
paradoxirnl t it in ettltfely beeiiune of tin mi** 
temperature that tlw ehvtrm light mnmm n*i 
thin ttmi{»eruture that render* thu proportion 
to non bimiiiuuu heat greater in tins elnetrie 
our brightest limited. Tho elr» ti a* light, j 
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.n, whose object is mainly industrial. It would be e 
d probably in many cases true, to say that the 
m* to yam knowledge, while the other wishes to m 
'iK'v: but l am persuaded that, the mechanician not 
((ii.mtlv merges the hope of profit in the love of 
>rk. Members of each of these classes are someti 
until! toward those of the other. There is, for ex 
’• somethimr superb in the disdain with which Cu' 
n i l u% er the dijteoverii’H of pure scicnco to those i 
pie tlmm: "Your grand practical nchievoments are o 
' easy application of truths not sought with a pract 
.•ot truths which their discoverers pursued for tl 
n sake, impelled solely hy an ardor for knowled 
>me who turned them into practice could not have i 
■ '•red them, while those who discovered them ] 
tln-r the time nor the inclination to pursue them 
luaeiical result. Your rising workshops, your peop 
‘•on's, your vessel* whioh furrow the seas; this ab 
i.e, this luxury, this tumult”—“this commotion,” 
aid have added, were he now alive, ‘‘regarding 
eti ic light"- -“all come from discoverers in Scien 
mah all remain strange to them. The day that a t 
■•rv enters the market they abandon it; it conce 
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a nation to bear in mind that those practical 
which strike the public eye, and excite publi< 
are the outgrowth of long antecedent labors 
tinued, and ended, under the operation of a 
lectual stimulus. “Few,” says Pasteur, “seei 
hend the real origin of the marvels of indu 
wealth of nations. I need no other proof of ' 
frequent employment in lectures, speeches an< 
guage of the erroneous expression, ‘applied 
statesman of the greatest talent stated some i 
in our day the reign of theoretic science had ri 
place to that of applied science. Nothing, 
say, could be more dangerous, even to practi 
the consequences which might flow from 
They show the imperious necessity of a r< 
higher education. There exists no category < 
which the name of ‘applied science’ could be 
have science and the applications of scien< 
united as tree and fruit.” 

A final reflection is here suggested. We 
us a small cohort of social regenerators—: 
thoughts and aspirations—who would place t 
of the scientific mind under the control of 
which should dictate to the man of scienc 
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iliJiUy ill'll. Faraday lived in this idoal world. Nef 
If a century ago, when lie first obtained a spark fi 
' magnet, an Oxford don expressed regret that sue! 
t'-ovorv should have been made, as it placed a new i 
•it.* implement in the hands of the incendiary. To 
a t'i. 1111 !Mt. hiemreltv would liavo probably ad< 
sending Faraday back to his bookbindt 
ii a a;* a more dignified and practical sphero of act 
m |<1*1*1 hue with a magnet. And yet it is Farada 
n S. wln.-h now shines upon our coasts, and promises 
manat.* <mr streets, halls, quays, squares, warehouf 
1, perhaps at no distant day, our homos. 


8»n or vou u. or •* fiuoments of soibnojt 


